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CHAPTER i 
INTRODUCTION 
Significance of the Study 
Success in any a�hletic endeavor depends upon_many interrelated 
factors including physiological aspects, mechanical, and psychological 
principles. Although in recent years re.ported literature concerning 
these factors has been sizeable, much still remains to be researched. 
Swimming 1 s therapeutic and recreational values have long been 
known and enjoyed� but competitive swimming and most swimming records 
date only from 1870. 1 The techniques for coaching swimming have been 
borrmved or assimilated from other sports, mainly track and field . 
For improving physiological condition many track and field techniques 
have also been borrowed by s1.,\/imming coaches and applied to swimming . 
The effects of swimming on physiological measurements have not been 
extensively researched; however, some research on swi�ming has been 
completed in recent years . Faulkner states, 1 ! • • •  the only COiT1pre­
hensive physiological investigations of swimming have been of channel 
swimmers and Swedish girl swimmers . 112 Accordingly, an investigation 
of the effects of a season of competitive swimming on certain physio­
logical bodi 1y responses was deemed necessary by the investigator. 
1John A. Faulkner, What Research Tells The Coach About Swimming, 
ed. John M. Cooper (Washington: American Association for Health, Phy­
sical Education, and Recreation, 1967), p .  v .  
2
1bid., p .  7. 
Statement of the Problem 
The purpose of this investigation was to study the physiological 
-effects of a season of varsity swimming competition and training on 
selected bodily responses of swimmers. 
Hypothesis 
The following hypothesis was investigated: Throughout the 
competitive swimming and training season, there is no significant trend 
that can be observed in the selected bodily responses of the varsity 
swimmers. 
Limitations and Delimitations 
1 .  The eight male subjects for this study were chosen from 
members of the South Dakota State University varsity swimming team 
on the basis of individual participation during the previous season and 
on predicted participation in varsity competition . 
2. Only these physiological parameters were measured: weight, 
maximal oxygen uptake, forced vital capacity, forced expiratory volume 
for one second, muscular endurance of the shoulder girdle, leg power, 
body fat, ventilation equivalence for oxygen, and maximal pulmonary 
ventilation. 
3. The University, at this time, does not have a swimming pool. 
Therefore, the swimming team used the local high school pool. 
4. The scheduling of practice times for the use of the pool 
was undesirable in that plans for the high school and city swimming 
programs were made before the University team schedule was considered. 
3 
5. The subjects were tested before the season began and every 
five weeks thereafter unti 1 the investigation was completed . 
Definition of Terms 
Maximal Oxygen Uptake (Maximal v02l, Maximal v0 is the 2 
maxi�um amount of oxygen that can be supplied to the active tissues of 
the body per minute. This measurement may be recorded in liters per 
minute (1/min) or mi1 1 i  liters per kilogram of body weight per minute 
(ml/kg/min) . This term is also known as aerobic capacity, maximum 
oxygen intake, or maximum oxygen consumption.3 
Forced V!tal Capacity (FVC) .  The FVC 11• i� the maximum 
volume of air that can be rapidly and forcibly expired from the lungs 
fol lowing a rnaximum inspi ration. 114 This measurement is usually 
expressed in liters of air . 
Forced Expiratory Volume for One Second ( FEV
1
_ol· The FEV1 . O  
is 11 • • •  the volume of air expired during the first second of the 
forced vital capacity test . 11 5 This measurement is usually expressed 
in J i te rs of a i r. 
3Paul Brynteson, 1 'The Effects of Training Frequencies on the 
Retention of Cardiovascular Fitness11 (unpublished Doctor's dissertation, 
Springfield College, 1969), p .  8 .  
4Frank C .  Consolazio, Robert Johnson, and Louis Pecora, 
Physiological Measurements of Metabolic Functions in Man (New York: 
McGraw-Hill Book Company, Inc . ,  1963), p. 221 . 
5tbid . ,  p .  223 . 
4 
Muscular Endurance. Muscular endurance is 1 1 • • •  the ability 
of a muscle or muscle group to �nintain a sub-maximal contraction over 
a period of time.11 6 In this study the muscular endurance of the arms 
and shoulder girdle was measured . 
Power. Power is the 1 1  • • • capacity of the individual to 
bring into p"lay maximum muscle contraction at the fastest rate of 
speed. 117 In this study the power of the- legs was measured. 
Percent Body Fat . Body fat is the weight in pounds of an 
individual's body tissue that is in excess of 1ean body \.�1e i ght. In 
this study, body fat was expressed as a percentage of the subject's 
total body weight . 
Vent i 1 at ion �qui va 1 ence for Oxygen (VEoJ-=.. The VE0 
is the 
L 2 
quantity of inspired air required for each one hundred cubic centimeters 
of oxygen consumed per minute .. It is an indication of the efficiency 
O+ t · 1 • 8 1 ven I at1on. 
6carl E .  Willgoose, Evaluation in Health Education and Physical 
Education (Philadelphia: Lea & Febiger, 1964), p .  105 .  
7Harold M. Barro.1-J and Rosemary McGee, A Practical Approach to 
��surement in Physical Education (Philadelphia: Lea & Febiger, 
1 964) , p. 11 6. 
8senjamin Ricci, Physiological Basii of Human Performance 
(Philadelphia: Lea & Febiger, 1967), pp . 252-253 . 
II 
Maximal Pulmonary Ventilation (Maximal Vd ..:. Maximal VE 
is the maximal volume of air that a subject can move into and 
out of the lungs as c:i physiological response to exercise.1 1 9 The 
maximal VE was measured during the expiratory phase and was expressed 
as liters of air per minute. 
9srynteson, op. cit., p. 1 0. 
5 
CHAPTER I I 
REVIEW OF THE RELATED LITERATURE 
The review of related literature was divided into three parts: 
(1) literature concerning maximal oxyg�n uptake; (2) literature related 
to the effects of training on specific pulmonary parameters; and (3) 
literature related to muscular endurance, leg power, and percent 
body fat. 
The purpose of these reviews was to provide knowledge of tech­
niques and methods that have been used in similar studies. The review 
also provided information about the design and execution of the study. 
It also was an aid in the analysis and interpretation of results. 
Literature Related to Maximal v02 
as a Measure of Cardiovascular and 
Respiratory Efficiency 
During any type of activity by which a person is forced to do 
bodily work, that person's metabolism wi 1 1  increase. The metabolic 
increase is the result of the action of the body's muscles� During 
work, the muscles of the body must receive oxygen and consequently 
dispose of carbon dioxide. With more exercise, the muscles need addi­
tional oxygen. To compensate for this increase of oxygen, the 
respiratory and cardiovascular systems make adjustments by increasing 
their.activity. In this way, the necessary oxygen is made available 
to the muscle groups.1 
7 
After extensive work the respiratory and cardiovascular systems 
cannot make any further _adjustments to the increasing work load. The 
maximal amount of oxygen that can be supplied and utilized by the 
muscle tissue is reached at this point. - This maximal amount o f  oxygen 
can be measured and is termed the maximal oxygen uptake or aerobic 
capacity. Most physiologists use this measure as an indication of 
man's physical fitness and his capacity or ability to perform and 
sustain long-term work of high intensity. 2, 3, 4, 5 
1 Thomas F. Morrison, Fredrick D. Cornett, and Edward Tether, 
Human Physiology, (New York: Holt, Rinehart, and Winston, Inc., 1959), 
p. 69. 
2Laurence E. Morehouse and Augustus T .  Miller, Physiolog� 
Exercise (fourth edition; St. Louis: The C. V. Mosby Company, 1 963), 
p. 258. 
3Peter V. Karpovich, Ph siology of Muscular Activit (sixth 
edition; Philadelphia: W. B. Saunders Company, 19 5 , p. 110. 
4oonald K. Mathews, et al., Physiology of Muscular Activity 
and Exercise (New York: TheRonald Press Company, 1 964), p. 324. 
5John A. Faulkner, What Research Tells The Coach About 
Swimming, ed. John M. Cooper (Washington: American Association for 
Health, Physical Education, and Recreation, 1 967), p. 12. 
Astrand and Ryhming believe that tests involving large muscle 
groups mus t be selected to measure cardior�spiratory fitness .  The 
capacity of the individual to continue heavy prolonged muscular work 
depends upon the supply of oxygen to the working muscles. When large 
muscle groups engage in-any type of work, the factoG that seems to 
limit maximal oxygen intake is the capacity and regulation of the 
oxygen transporting· system. The fitness-of the respiratory system 
8 
thus becomes a critical factor when considering maximal bxygen intake. 6 
One way of increasing respiratory efficiency is through 
training. - If training increases respiratory efficiency, training wi11 
also affect the maximal oxygen uptake. Knehr and his associates found 
a 7 percent increase in the maximal oxygen intake for 1� men who were 
studied over a period of 6 months and were in a process of physical 
tralning.7 An untrained man can have a maximal oxygen uptake of about 
2 liters per minute and an athlete or trained person can have an oxygen 
uptake of 4 liters or more.8 Robinson and Harmon studied 9 non-athletic 
6P. O" t\,strand and Irma Ryhming 1 "A Nomogram for Calculation of 
Aerobic Capacity frarn Pul5e Rate During Submax.irna1 Work, 1 1 Journal of 
Applied Physio103y, 7:218-221, September, 1954. 
7c. A. Knehr, D. B. Di 11 and 'vJ. Neufeld, "Tr·aining and I ts 
Effects on Man at Rest and at Work," American Journal of Physiology, 
1 36:1�-8-156, March 1942. 
8K . . . 56 a rpov I ch, op. c I t. , p. . 
ind ! viduals a nd found  a n  1 8-· pe r cen t inc rease i n  ma x i ma l  ox y ge n  i ntake 
at the conclusion of a tra i ning period . 9 Diffe re nce s  i n  ma x i ma l  
9 
· oxygen intake betwee n  wo rld-cla ss endurance ath l e te s  a nd non-athle tic 
individ ua l s  we re re po r t e d  by Ast rand . The world-c l a s s  a t h l e tes had the 
ab i l i t y to cons ume large q ua n t i t i e s of oxygen  pe r  k i l o g ram of body 
weight . This would indicate that max i mal oxygen i n ta ke i s  an i mpo rtan t 
f h d • " d  d 1 0  -a c to r w e n en u rance 1 s  cons 1 ere . 
Welch et �_!_ . have f o u n d  s t a t i s t i ca l l y s i g n i f i ca n t  re l a t i on s h i p s  
between bod y we i g h t  a nd maximal ox y ge n i n t a ke . 1 1  Bus k i rk a nd Taylor 
report similar res u l ts . 12 A s t rand  notes that on the b i cycle e rgometer 
the s a me wo r k  l oa d  i s  u s ua l l y  placed upon a l l s ubj ects exc l us i ve of 
body we i gh t  b u t  t ha t t he work l oa d  whe n  runn i ng on t he t rea dm i l l  w i l l  
va ry  for e a c h  s ubj e c t  d e p e nd i n g upon bod y we i gh t .  Max i ma l  oxy g e n  
uptake can be mo re va l i d l y  expressed in milliliters per kilogram of 
bod y  we i gh t . 1 3 
9s .  Robinson a nd P .. M .  Harmon, "The E f fe c t s  of Training a nd of 
Ge l a t i n  Ltpon Certa i n  Facto rs v1hich L i m i t Muscu l ar Work, 1 1 American 
Journal of Phys i o l o9y , 1 3 3 : 1 6 1 - 1 69 , May , 1 9�- 1 .  
l Op O .  Ast rand, 1 1 H um�r n P h y s i ca l  F i t ne s s  with Special Reference 
to Sex a nd P,ge, 1 1 Physiological Re v i e1;,1s , 3 6 : 3 0 7- 3 3 5 ,  July, 1 956. 
1 1 s .  E .  We l ch ,  P .  Riendeau, C .  E .  Cris p an d R. S . l se ns te i n ,  
' ' Relat i ons hips of Max i mal Oxygen Consumption to Various Compone nts of 
Bod y  Cornpos i t i on , 1 1 Jou rna l of App l i ed P hys i o l og y , 12 : 3 9 5 - 3 98 , Ma y ,  1958 . 
1 2 E • B u s  k i r k a n d  H . L .  Ta y 1 o r , 1 1 Max i ma 1 Oxyge n I n ta k e  and I t s  
Re l a t i o n to Bod y Composition with Special Reference to Chronic Physical 
Activity a nd Obe s i t y , 1 1 Jou rna l o f  P, pp l ie d  Ph ysiology, 1 1  : 7 2- 78 , J u l y , 
1 957. 
13As trand , loc cit . 
1 0  
Slonim , Gillespie, and Harold used 5 0  na val av i at i on cadets 
between the ages of 1 8  and 25 years to calculate maxima l oxygen 
upta ke . All subj ects, when tested , warmed up on a treadmi 1 1  which 
ran at a speed  of  3 . 5 mph a t  a 1 0- percent grade for 6 m i nu tes .  Af ter 
i n i tial testing at various treadmi 1 1  grades, each subj ec t was teste d  
at a part i cular grade wh i ch h e  could maintain and complete  the test . 
Exp i red  gas was collected during the sixth minute of exerc i se .  The 
mean fo r oxygen u p ta ke was 4 . 05 ± 0 . 39 l iters per minute .  The range 
was 3 . 22  l i ters pe r minute to 5 . 1 7  l i ters per m i nute . 1 4  
Busk i rk  a nd Taylor determined the maximal oxygen i ntake of 46 
male college st ude nts and 1 3  soldiers . The students warmed up on 
a treadmill which was moving at 3 mph on a 5- perce n t  grade for 1 5  
minutes. The sold i ers warmed up for 1 0  �inutes at 3 . 5  m ph on a 
10-percent grade .  At the conclus i on of each warm-up all subj ects 
ran for 3 m i nutes on a grade wh i ch su i te d  his capacity and at a speed 
of 7 mph . The mean maximal oxygen i ntake for 54 stude nts and soldiers 
was found to be 3 . 59 ± . 5 1  liters per minute .  It was concluded that 
maximal oxyge n intake, when used to establ i sh a person's f i tness for 
exhaust i ng work, should be expressed i n  liters or millil i ters per 
k i logram of body weigh t . 1 5  
1 4N. B. Slonim , D. G. Gi 1 lespie a nd W .  H. Harold, 1 1 Pea k  Oxygen 
Uptake of Hea l thy Young Men as D e termined by a T readmi 1 1  Method, ' '  
Journa l  of App l i e d Physiology, 1 0 : 40 1 -404, May ,  1 95 7. 
15suskirk and Taylor , loc. c i t .  
1 1  
Wi l more studied the  re l ationship between maximal oxyge n  uptake 
a n d  end u rance capacity. Thirty non-athletes were used  as subjects , 
and each rode a bicycle ergometer until exhaus tion was achieved . The 
subj ects took the maximal oxygen uptake test twice and a co r relation 
of . 86 was found between them. A co r relation of  . 84 was found between 
maximal oxygen uptake (1/min ) and end u rance capacity . Co r relations 
of this magnitude seem to s ubstantiate t he validity and re l iability 
of the maximal oxygen uptake test as a measure of performance capacity 
and physical fitness . 16 
Magel an d  Faulkne r evaluated the maximal oxygen uptakes of 
college swimmers running on a t readmi 1 1 ,  swimming f ree , and tethe red 
swimming . Twenty-six swimmers we re given the various tests . Seven­
teen swimmers were tested on the t readmill and the tethered swimming 
te s t s . Fifteen swimmers were used in the compa rison of the tethe red 
swimming test and the free swimming test . The treadmi 1 1  tes t consisted 
of runs of 5 minutes at 7 mph with a 1 0-minute rest between each run . 
The test began at O g rade and inc reased by inc rements of 2 . 5-pe rcent 
i n  g rade unti 1 maximum volunta ry physical work capacity wa s attained . 
I n  the tethe red swimming test, the swimmers we re attached to a pulley-
weight s ystem and maintained a stationary pos ition ove r a fixed object 
on the bottom o f  the pool. The test consisted of a 3-minute swim 
1 6  Jack C. \,Ji lmore , "Maximal Oxygen I ntal ·e and I ts Re l at i ons h  i p 
to Endurance Capa city o n  the Bicyc l e  Ergometer, 1 1 Re search Quarterly, 
40:203-2 1 0, Ma r ch ,  1 969.  
1 2 
starting at a work l oad  of 4. 55 kg. Each swimme r  then rested 3 to 5 
minutes befo r� beg i nning a gain. The work level was  increased b y  1 . 14 kg 
until the  swimme r could no longer support the weight and remain a bove 
the f i xed obj ect . The free swimming test consisted of ten SO- yard 
s pr i nts s paced a t  i ntervals of 45 to 60 seconds. After a wa rm-up t he 
swimmer had  his nose clipped shut and was outfitted w i th a headpiece 
and breathing valve � Six 50-yard sprints were then performed with a 
1 0-second rest i nterval betv-1een each sw i m. Ga.s was collected in 
neoprene bags by a technician walking alongside the swimmer carrying 
a rod atta ched to the bags. Gas samples from all 3 tests were ana l yzed 
for carbon dioxide, oxygen, and nitrogen with a model number 2 9  
Fisher- Hami l ton gas partitioner . The maxima l oxygen unta ke d ur i ng 
the test-retest tethered sw i mming was fou�d to be 55 ml/ kg/min + 3 . 7 ; 
on the free tes t it was 55 ml/kg/min ! 3 . s . 17 
The F i tness Research Unit of the Univers i ty of Alberta inves­
t i gated intercollegiate athletics and max i mal oxygen comsumption.  Six 
swimmers f rom the university were tested twice, once before and once 
after the season. Each swimmer wa s tested on a treadmill at  6 mph fo r 
2. 5 minute s on O grad es. A 10-minute rest wa s fol J ov1ed by a retest a t  
a 2. 5-percen t increase i n  grade .  This proced ure was repeated unti l each 
17John R. Magel and John A. Faulkner, "Maxim um Oxygen Uptakes 
of Co 1 lege Swimmers, 1 1  Jou rna 1 of App 1 i ed Physiology , 22 : 929-9 3 8, 
Ma y , 1 967. 
1 3  
subj ec t  could do  no f urther  wor k .  Gas samples were colle c t e d  the l ast  
30  seconds of each 2 . 5  work in g m in u te . The invest igators found  that 
before the season be gan the sw immers had a mean max imal consumpt i on 
of 54 . 79 ml/ kg/m in � 4 . 4 7 ; the mean at t he e nd of the season was 
53 . 40 ml/ kg/m in + 3 . 66 .  Th is decrease was not s tat is t ical l y  
. . 
f
. 1 8  s I gn , 1 can t . 
Magel and Ande rsen invest igated t he pulmonary d iff us ing capac it y 
and card ia c ou tpu t in youn g  tra ined and un tra ined Norwe g ian  sw immers . 
Ten well- tra ined  male sw immers were measured  on a b icycle ergome ter 
for max imal v
0 . Each subj e c t  be gan at  a work load of 3 00 kgm/m in ; 
the l oad was increas e d  by  3 00 kgm each m in u te u nt i  1 exhaus t ion e nsued .  
The 1 0  subj ec ts pedaled a t  a rate  of 5 0  rpm. Mos t work per iods lasted  
approx imately  8 m in u te s  and  max imal v0 was meas ured b y  ope n- c ir c u it 2 
sp irome t r y a nd was e s tabl ished whe n t he v
0 
pla teaued or a n y  two 
2 
max imum measurements  agreed  w ithin 5 percen t  of each othe r .  The mean 
oxyge n uptake s of the tra ined Norwe g ian sw immers were fou nd  to be 
58 . S ml/ kg/m in + 3 . 8 on the b ic ycle ergome ter. 1 9 
1 8  
Maxwe l l  L .  Howe 1 1 ,  e t  al . ,  1 1  l n t ercol le g ia te A thle t ics a nd 
Max imal Oxygen Consump t ion" Tunpu bl ished repor t , U n ivers it y of Alberta , 
Edmon ton , Alberta , Canada) , pp. 1 - 3 8 . 
1 9 
John R .  Mage 1 and  Lan ge Anderse n , 1 1 P ulmona ry D iff us in g 
Capac it y and Card iac O u tpu t in Young  Tra ined No rweg ian Swimmers and 
Un tra ined S ubj e c ts , "  Med ic ine a n d S c ie nce in Sport s , 1 : 1 3 1 - 1 3 9 , 
Sept ember , 1 969. 
2 6 5 5 8 7  
' 'VERSITY llBRARY 
1 4  
Fa u l kne r s ta tes tha t high l y  t rained col l ege swimme rs  ave ra ge 
56 m l / kg/min with a ra n ge of 50  to 70 m l / kg/min as compa red to dis ta nce  
run ne rs  who a ve ra ge 66  m l / kg/min w i th a ra nge of  60  to 80 m l / k g/min . 2 0  
He rma nsen  and Ande r sen compa red t he maxima l oxyge n upta ke of 
young ma l e  a nd fema l e  a thletes a nd non-a thletes . Fou rteen we l l - t rained 
ma l e  a th l etes ha d a n  a vera ge ma xima l v0 of 7 1  ml/ kg/m i n  compa red to 
44 m 1 / kg/ m i n f o r 1 2 non - a th 1 e t i c s u b j e ct s . F i ve we 1 1 - t r a i ne d a th 1 et i c 
female s had a n  a ve ra ge maximal v
0 
of 5 5  ml/ kg/min compa red to 
2 · 2 1  
38 m l / kg/m i n i n  1 2  non- a th l etic s ubj ects . 
S ummary 
Ca rdiovascula r a nd respi ra to ry efficiency ca n be defined b road l y  
a s  physical fitnes s .  Acco rdin g to R i cci , physical fit ne s s" • • .  c an  
be  s e pa ra ted into two categorie s : capacity tests as  exemp l ifie d by  
card i opu l mona ry f u nction , pu l mona ry function . • •  , a nd motor pe rfo rma nce 
2 2  
te s t s .  Mea s u rement of maximal v0 is endor sed by ma ny i nve s tigators 2 
20  
Fau l kne r ,  l oc .  cit . ,  p .  1 2 . 
2 1
La rs He rma n s en and  K .  La n ge Ande rsen , "Ae robic Wo r k  Capacity 
i n  Yo un g  No rvJe g i an Men a r.d Wo;ne n , 1 1 Jou rnal of  A p pl i ed P h ys i olo g Y. ,  
20 : 425-43 1 ,  May , 1 965 . 
22 · · 
R · · Ph . 1 
• 
1 B . f H P f Be nJ am , n 1 cc , ,  ys I 0  og 1 ca a s 1 s  o uma n e r  o rma nce 
( Phi 1 adelphia : Lea & Feb i ge r ,  1 96 7 ) , p .  2 33 . 
1 5  
as the bes t measu re of ph ysical f i tness. 23, 24 , 25 , i6, 2 7, 28 
Atta i nment of phys i ca l  f i t ness as wel l as the maintenan ce of fitness 
leve l can be accomp l ished through train i n g .  Endurance tra i ning i n  
pa r t  i cu la r has been shown to imp rove max i ma 1 � 0/
9 • 3D Max i ma l v02 
when  used to es ta bl i sh a per son's fitness should be expressed in 
mi l liliters per k i log ram of body we i ght. 3 1 , 32, 33, 34 
23Morehouse , lac . c i t .  24Kar povich, op . cit . ,  p .  238 .  
25p . 0 .  A s t rand, C a  rd i ac  Output during S ubmax i ma  1 Work, 1 1 
Jou rnal of Appl i ed Physio l ogy, 1 9 : 268-274, March, 1964. 
26F. W. Kasch , e t  al. '1A Compar i son of Maxima l Oxygen Uptake 
by Treadm i l l  and Ste p-testProcedures, 1 1  Jou rnal of Appl i ed Phy�ioJ �9.'l , 
21  : 1387- 1388, July, 1966 . 
27Mathews, � �_!_. , loc. cit . 
28Ast rand and Rhym i ng, lac. cit . 
29Knehr, D i  1 1  a nd Neufeld, loc. cit. 
30Robinson a nd Ha rmon , lac . cit. 
31 Busk i rk a nd Tay l o i·, lac. c i t . 
32 
We 1 ch , � �. , 1 oc • c i t .  
3 3 As t ra nd , l oc . c i t . 
34·s 1 onim, G i  1 lesp i e, a nd Harold, lac . C i t .  
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Literat u re Related to the Effects o f  T raining o n  Specific Pulmonary 
Pa rame te rs 
Saltin a nd Astrand investigated t he maximal oxygen uptake of 
95 highly conditioned Swedish male athletes. The inve stigators found 
that the mean maximal oxygen uptake for the 15 males with the highest 
values was 5 . 75 liters per minute with a n  extreme of 6 . 17 liters per 
·-
minute . Mean pulmonary ventilation during maximal exercise was 
158. 7 lite rs per minute with a range of 140 liters to 2 03 liters per 
minute .  Pulmona ry ventilation of this magnitude was considered very 
high and could be attributed to the athlete ' s  highly trained 
condition. 3 5 
McArdle and Magel conducted an investigation of physical work 
capacity and maximal oxygen uptake in treadmill and bicycle exercise . 
The mea n maximal oxygen uptake for 23 male college students was 38 . 5  
ml/kg/min ! 4 . 3 d u ring bicycle exercise and 42 . 7  ml/kg/min ± 4 . 9 
during treadmi 1 1  exercise . Maximal pulmonary ventilation ( BTPS)  for 
bicycle exercise was 1 21 + 23 . 9 liters per minute and 12 7 . 9 + 2 7 . 4 
liters per minute for treadmill 
. 36 exerc i se .  
3S Bengt Sa l tin and P .  0 . Astrand , "Maximal Oxygen Uptake i n  
Athletes, " Journal of Applied Physiolog1: , 23 :353-358 , September , 1967 . 
36
\villiam D .  McArdle and John R . Magel , " Physical �ork Capacity 
and Maximum Oxygen Up take in  T readmill a nd Bicycle E xercise , "  Medicine 
and Science in Spo rts , 2 : 118- 1 23 ,  Fall , 1 970.  
1 7  
I n  the st udy of 10 young t rained Norwegia n swimme rs 1 Magel a nd 
Ande rsen found the mean maxima l oxygen uptake to be 58 . 5  ml/kg/min ± 
3 . 8 ;  the mean maximal pulmbna ry venti l ation ( BTPS ) was 143 . 8  ± 21 . 8 
lite rs pe r minute .  A mean value of 5 . 34 ± . 45 liters was found for 
fo rced expi ratory volum� for one second ; the mea n f�r vital capa city 
was 6 . 3 7 ± . 72 lite rs per minute . No me ntion was made in this study 
to ventilation equivalence for oxygen an-d forced vital capacity . 3 7 
Magel and Fa u l kner found a mean of 54. 7  ml/kg/min ± 3 . 4  for 
maximal oxyge n uptake and a pulmonary ventilation (STPD ) mean  of 
1 1 2  ± 15 lite rs pe r min ute during tethe red swimming fo r college 
swimme rs . Mean maximal oxygen uptake du ring free swimming was 56 . 3 
ml/kg/m i n ± 3 . 9 a nd a me a n  pulmona ry ve ntilation (STPD) of 114 + 
1 4 lite rs pe r minute . 38 
B rynteson st udied the effects of diffe rent weekly exe rc i se 
frequencies on the retention of cardiovascu l a r  fitness following a 
physical condit i onin g  program . Twenty-one male subj ects ranging  in 
age f rom 2 0  to 38 yea rs  participated in a 5-v.;eek  daily conditi cn i ng 
program on  a bicycle e rgomete r .  The subj ects worked at a n  intensity 
level which was BO-pe rcent of thei r maximum for a period of 30 minutes .  
37Ma ge 1 a nd Andersen, loc . cit. 
38Magel and Fa u l kne r, loc . cit . 
i 8  
The investiga to r found that maxima l oxygen uptake, maxima l p u l monary 
v ,nti l at i on, and forced expiratory vo l ume for one second increased  
signif i cant l y, but that forced vita l ca pacity a nd vent i l at i on equiva ­
l ence for oxygen did not signif i cant l y increase . 39  
Ke l l y  studied the re l ationship between se l ected pu l monury func­
tion measurements and cardiovascu l ar fitness when measured by a 
maxima l oxygen test . Th i rty-five ma l e  vo l unteers rang i ng in age from 
2 0  to 30 years o l d  were se l ected . Forced expiratory vo l ume for one 
second, maximum pu l mona ry  venti l ation , and venti l ation equiva l ence for 
oxygen were physio l og i ca l  parameters initia l l y tested and then l ater 
repeated . Ke 1 1  y made the fo 1 1  owing cone 1 us ions : ( 1) when oxyge n is 
being consumed a t  maximum l eve l s, maxim um pu l monary venti l at i on and 
venti l ation equiva l ence for oxygen are h i gh ly re l ated to the maxima l 
oxygen uptake;  (2) forced exp i ratory vo l ume for one second is the on l y  
functiona l pulmonary meas urement t hat is significant ly  re l ated to 
cardiovasc u l ar fitness and, therefore, to physica l fitness. 40 
39Pau l  B rynteson, ' 'The Effects of Training Frequencies on the 
Retention of Ca rdiovascular Fitness' ' ( unpub l ished Doctor ! s disserta tion, 
Springfiel d  Co l l ege, 1 969), pp. 1- 1 55. 
40John M. Ke l l y ,  "The Re l at i onship between Se 1 ected Measures of 
Pu l monary � unction and Cardiovascu l ar Fitness' ' ( unpub l ished Doctor ' s  
disserta t i on, S p ringfie l d  Co l l ege, 1 969), pp. 1 - 1 73. 
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Summary 
Pu l monary para meters , specifica l l y maximum pulmonary  venti l ation, 
maximal oxygen upta ke, and forced expiratory vo l ume fo r one second can 
be improved through physical training .  41, 42 , 43, 44 Recent investi­
gations indicate that a significant re l ationship exists between 
specific pu l mona ry parame ters and maxima l oxygen upta ke . 45 
Litera ture Re l ated to M uscu l ar Endurance , Leg Power , and Percent 
Body Fa t 
The stronger individua l possesses a distinct a dvan t age during 
any type of physical work, especia l ly athletics . Strength, 
endurance, and power are terms which ha ve become amb i guous and some­
times synonymus . Strength as  defined by . Johnson and  Nelson is the 
"Muscular force exerted aga inst mova b l e a nd immovab i e  objects.1 1 46 
End u r a n ce ' a C C  O rd i n g t O Ba r row a n d MC Gee i s I I  • • • the res u 1 t Of a 
4 1 saltin and Astrand, loc . cit . 
42 Magel a nd Andersen, loc . cit . 
43 srynteson, loc . cit. 
44Ke l 1 y, 1 oc . c i t. 
45 1 bid. 
46sarry L .  Johnson and Jack K. Ne l son, Practical Measu rements ­
for Evaluation in Physica l E duca tion (Minnea polis: Burgess Pub l i sh i ng 
Company , 1 969) , p .  241 . 
20  
physiologica l  capac i ty of the ind ivid ual to susta i n  movement over a 
pe r i od of time. 1 147 Johnson a nd Ne l son state that power is 1 1 • • • the 
abi 1 ity to r·elease maximum fo rce in the fastest possib l e  time . 1 148 
Johnson and Nelson suggest that Hitchcock and Sa rgent were the 
earliest investigators of muscular endurance specifica l ly of the a rms 
and shoulders of co l l ege men and compiled extensive data on  this 
variab l e. 49 The same autho rs sta te: 
Musc ular endu ran ce may be either dynamic o r  static in nature 
and concerns the ability of a muscle to repeat indentical movemen ts 
or pressures, or to maintain a certain degree of tension over a 
period of time. Basically there a re three types of muscular endu r­
ance test. • .  Dynamic test of Muscula r Endurance . . • Repetitive 
Static Tes t
C 
of Muscular Endu rance • . • Timed Tests of Muscular 
Endurance. � 
Activities which have been included in measuring musc ular 
endu ra nce a re chins o r  pull-ups, endurance dips, push-ups, sit- ups, 
squat jumps , flexed arm hang, squat thrusts, modified push-ups and 
repetitive p ress test w i th a spring scale . 5 1 ,  52 
47Harold M. Bar row and Rosemary M cGee, A Practical App roach to 
Measurement in Physical Education ( Philadelphia: Lea & Febiger , 
1964) , p • 54 7 .  
48Joh nson and Nelson, op. cit . ,  p .  80 49 I b i d  . , p .  1 0. 
50 1 b i d . , p .  2 7 2. . 5
1sar row a nd M c Gee, op. cit . ,  pp . 1 84- 268 . 
52 Johnson  and Nelson ,  op . cit. , pp. 273 - 293. 
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Henry s tates that the S argent J ump test , first validated by 
L .  W. Sa r gent, was a tes t of neuromuscular efficiency involv i ng 
s t rength , speed  and coo rdination , and driving pov.Je i-. Collins and Howe, 
as �ell as Bovard and Cozens , contributed to  the val i dity of the 
Sa rgent Jump tes t . Furt hermore, Henry states that in 1 932 McCloy 
experimentally validated the Sargent Jump test and stated that it was 
the best single te st available for predicting power .
53 
Gray, Start , and Glencross studied 80 ma l e  students ranging 
in a ge from 17 to 22 years in a n  attempt to establish a valid test 
of l e g power . The subj e cts a t tempted a ve rtica l j ump by taking a 
s i dewa y s  position to a j ump board , one arm beh i nd the  back , the 
o t her a rm touching the head and pa rallel to the j ump board . The 
head and back  had to  rema i n  strai gh t throu �hout the entire test . 
Dif ference in j umping height a nd tip-toe reaching height was recorded 
as  we l l  as the differences be twe en the centers of g ravi ty of the 
tip-toe reaching and squatting position and between tip-toe. reaching 
and jump reaching hei ght . The results were sta tistically significant 
and enabled the ve rt i ca l powe r j ump to be expressed in foot-pounds 
54 of wo r k  done per se cond by the subj ect I s 1 egs a 1 one . 
53
Franklin Henry ,  1 1 The  P ractice a nd Fa tigue  E ffects in the 
Sa rgent Jump , 1 1 Re search Q_uarte� , 1 3 : 1 6- 29 , March , 1 942. 
54R .  K . G ray ,  K . B . S ta rt,  and D. J. Glenc ross , 
1 1A Test of 
Leg Power , " Research Quarte r l y , 33:41+- 50 , March , 1 9 62 . 
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In a l ate r study by  G ra y, Start and  G l encross, the investigators 
attempted to modi fy t he i r  earl ier wor k on t he ver tical power jump. 
Thei r modification cons i sted of a l ess time- consuming and more pract i cal 
test of the  vertica l  power j ump. The center of g ravity measurements 
we re eliminated as vie e . the differences bet.ween squa�tting and tip-toe 
reaching heights . The aut h o rs concl uded that the modified vertica l  
povver shou l d  be used v-1hen measu ring l eg pov,er because it is highl y 
reliabl e ( . 97 7 )  and highl y val id ( . 989 )  when compared to the jump 
reach te st, stand i ng broad jump, and the squa t jump. The fo rmu l a  
devel oped b y  t he i nvestigators to express the amount of work done in 
foot -pounds pe r second by the  l egs  was : 
Work = W x H 
1 2  
W = weight of t he subj ect in pounds. 
H = differe nce be tween tip-toe reach and maximum jump reach. 5 5  
Fat tissue is widel y dist ributed t hroughout the body and 
accounts for a l arge pe rcentage of the total body weight . Fat tissue 
is found to be approxima tel y 18-percent of the total body weight in  
mal es and 2 8-percent i n  femal es . Fat has three i mportant f unctions i n  
5 5 R .  K .  G r a y , K .  B • S ta r t , a nd D • J -. G 1 enc r o s s , ' 1A Use f u 1 
Modification of the  Vertical Power Jump, " Research Quarterl y, 
33 : 230-23 5 , May , 1962 . 
2 3 
the body : ( 1) a reserve supply of energy , ( 2) a pad to a bs orb shock, 
a nd ( 3) an insulator to ma intain the normal body temperature by pre ­
venting the loss of  body heat. 56 
Exce s sive fat has ge nerally been cons i de red  u ndesira b l e fo r  
endura nce athletes. Mc�ester and Darby be l ieved that too much fa t 
inte rfered w i t h  physica l activity, reduced muscular efficiency, and 
interfered with moveme nt of the dia ph ra gm and a bdominal muscles . 57 
Measurements of body f at and body density has been a fairly 
_ accura te way of pred i cting and esta blishing the physical cond i tion of  
a n  ind i vidua l throughout  a season of act i vit y . Skinfo l d  mea s u rements 
were brought to attention by Thompson ,  Busk i rk, a nd Goldman in 1956 .  
The skinfold procedu re is ra pid, reasonably . precise, and an 
inexpens i ve method for estima t i ng bod y fa t .  The a uthors st ud i e d 14 
college basketball pla yers and 1 0  college hockey pl ayers at  t h e  
Univer5ity of Minne s ota . The basketball playe rs decreased in  we i ght 
at the end of the i r  sea son b y  2 . 1 pounds, and the hockey pla yers ' 
weight i ncreased  a n  average of . 9  pounds. Neithe r measurement was 
statist i ca l ly signif i cant . Three subcuta neous fa t me asu rements for 
S6Morrison ,  Corne t t  a nd Tether, op . c it . , p .  33 . 
S 7James S .  Mc le s te r  a nd Wil l i am J .  D a rb y ,  " Obe s i t y and 
Leanne s s , ' '  Nutrit i on a nd Diet in Hea l t h and Disea se (s i xth ed i tion j 
Phi i ade i ph i a : w .  B .  S aunders Company, 1952) , p .  334. 
24 
both groups were shown to be significant . These measu remen ts were 
taken at the chest, a bdomen, and upper arm .  The ba s ketball players 
l ost an average of 1 m i llimeter in the chest region, 2 . 86 m i  1 1 i me ters 
in . the abdome n ,  a nd 3 m i llimeters i n  the upper arm . The hoc key 
playe rs showed fat losses  of 1 . 9 1  millimeters in the chest, 1 . 9 1  
mi l l i me te rs i n  t h e  abdome n, a nd 2 . 55  millimeters in the uppe r arm . 58 
Kire i l i s a nd C u re ton de term i ned bod y we i ght and made 6 s kinfold 
measurements (h i p , c hee k ,  abdomen, front th i gh, rear thigh, and 
g luteal) before cond i t i oning three obese males on the t readmill for 
s i x wee ks .  I t  was found t hat no sign i f i ca nt weight changes occurred 
but that  a 20-percent decrea s e  in skinfold measurements did occur . 59 
Thompson used three s k i nfold measurements (a bdomen, chest, and 
a rm) to determine changes i n  body fat of varsity football players . 
The football p l ayers were measured before and at the end of their 
·season. The i nves t i ga tor found that body we i ght did not cha nge s · gn i f -
i cant l y  but tha t signif i cant decreases occurred i n  the three s k i n fold 
58c .  w. Thomps on , E .  R. Buskirk , and R .  F. Goldman, 1 1 Cha nges 
i n  Body Fat Estima ted from S kinfold Measurements of Co l lege Baske tbal l  
a nd Hockey Players du r i ng a Sea son, " Research Qua rterly, 2 7 : 41 8-43 0, 
Decembe r, 1956 . 
59R . w. Ki rei I is a nd T. K. Cureton, "The Relationship of  
Externa l F at to  Ph ys i ca l  E. d ucation Activities and Fitness Tests, 1 1 
Research Quarte rly, 1 8: 'i 23 - i 34, Ma y ,  1 947 .  
measurements. Body density increased with the loss of body fat .  
Thompson assumed that the chan ge in body composition was a result of 
a conditioning program which increased muscle mass or other bodily 
components. 60 
Sloan states that an individual ' s  extra weight can result 
from better deve l opment of bone or muscle , both of which are heavier 
than fatty tissue . A reliable estimate of the propo rtion of adipose 
tissue to total body we i ght can be derived from specific gravity or 
density of the body . 6 1  
2 5  
Forsyth computed 1 0  reg ression equations to p redict body 
density from data derived f rom 1 7  anthropometric variables . He 
determined that an equation using back skinfold, height,  and abdominal 
skinfold had a reliability of . 86 and a standard estimate of . 005 .  
6 0c .  w .  Thompson, 1 1 changes in  Body Fat Estimated from Skinfold 
Measurements of Varsity College Football Players during a Season, 1 1 
Research Quarterly, 30 : 8 7- 93, March, 1 9 59. 
6 1 A. W. Sloan, 1 1 Est i mation of Body Fat in Young Men, 1 1  Journal 
of Applied Physiology, 23: 3 1 1 - 3 1 5, September, 1 967. 
Body Dens i ty = 1 . 024 1 5  - . 00 1 69x 1 5  + . 00444x 1 
- . 00 13ox
1 2 
x
1 5 
= diagonal skinfold at  the medial border of the right 
scapula. 
x
1 
= height (decimeters) . 
x 1 2 = abdominal skinfold midway between the umbilicus a nd the 
. 
l
. 62 
1 , ac crest .  
Forsyth computed the percent body fat from the body density 
value : 
Percent Bod y Fat = 4. 5 7/D 8 
- 4. 1 42 . 63 
Summary 
Muscular endurance of the arms and shoulder girdle can be 
26 
a t 1 d b  end urance d ·, ps . 64 ; 65  ccura e y measure y The vertical power j ump 
is a more reliable and valid measu re of leg power than the Sargent 
Jump, s qua t j ump , or s tanding b road j ump . 66 , 67 Body fat is an 
62Harry L. Forsyth , " The Estimation of Lean Body  Weigh t in 
Male A thletes" (unpub l ished Doctor 's  dissertation, Springfield College, 
1 970) , pp . 82-83 . 
63 1 bid . , p .  27 . 
64 l Joh nson a n d  Ne son, l oc . Cit . 
6 5 
Ba r row a n d McGee , 1 o c . c i t .  
66 
Gray, S tart , and Glencross, 1 1A Test of Le g Powe r, " J oe .  cit. 
67G ray , Start , and Gle nc r oss , 1 1 A Useful Modification of the 
Ve r tical Power Jurnp , 1 1 lac . c i t . 
a ccu rate mea s u rement  of an indiv i dual ' s  condition throughou t a 
season . 68, 69, 70 Pe rcent body fat can be determ i ned  indirectly 
with reg res s i on equa t i ons by usin g se l ected skinfold and anthro-
7 1 7 2 , 73 pometric measurement s .. ' 
6Brhompson , Bus kirk , and Goldman, · 1 oc . cit . 
69 1 1 S oan , oc . c ,  t. 
70 Thompson , 1 oc. c i t. 
7 1 Ibid . 
72Kirei 1 is a nd Cu reton , J oe. cit . 
7 3 Forsyth , l ac .  cit . , pp . 82-83 .  
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C HAPTE R  I I I 
METHODS  A ND PROCED URES 
Organizat i on of the St udy 
The study was comp l eted over a twenty-f i ve week per i od beginning 
on October 1 2 ,  1970 , and end i n g on Apri l 3 , 197 1. This period was 
divided into two f i ve-week segme nts, tw6 four-week segments, and one 
seven-week segment wh i ch i ncluded Christmas vacation. The schedu l e  
of sw i mm i ng meets forced unequal lengths of test i ng segments. Table 
indicates the testin g da tes , 
Test Date 
1 Oc t .  '1 2 - - 1 5 
2 Nov. 1 6--20  
3 Jan .  4--8  
4 Feb 8 8-· ·- 1 1  
5 . March 8- - 1 1 
6 March 3 0- -
Apr i 1 2 
TABLE I 
TE S TI NG DAtES 
Comments 
Immediate l y  prior to the be­
ginning of the sw i mming season 
After f i ve weeks of pre pa ratory 
sw i m  training 
Just af ter Christmas vacat i on 
Midd l e  of  the due l meet 
competition phase 
l mrr.ediately fol l ow i ng  the 
conference sw i mm i ng meet 
Fou r  wee ks f o  1 1  ow i ng the 
conference meet 
2 9  
The conditionin g program followed d uring the swimming  season 
included fast interval, slow interval ,  repetition,  Fartle k, and over­
d i stance training .  Fast  interva l consiste d of fast repeat swims with  
long rest periods ; slow interval consisted of repeat swims slower 
than race speed with a short or i ncomplete re st period. Repetit i on 
consisted of repeat swims faste r than race speed over a short distance 
with long rest periods . Fartlek uti 1 ized swimm i ng lon g distances and 
varying the speed; overdistance consisted of swimming continuously 
at distances longer than the act ual race . Fast in terval, slow interval, 
and repetition training utilized distances from twenty-f i ve yards to 
one hundred yards. Fartlek and overdistance training methods utilized 
dis tances from one hundred fift y to two thousand yards. A brief 
description of the season ' s  daily practice routine and sched u l e can 
be found in Appendix A. 
Source of Data 
The eight male subj ects for this study were chosen from members 
of the South Dakota State University varsity swimming team. These 
subj ects were chosen on the basis of individual participation d uring 
the p revious season a nd predicted participa tion in varsity competition . 
Table 1 1  indicates the characteristics of the subj ects. 
Name A ge 
R . A .  1 9  
J . A . 1 9  
B . E .  1 8  
S .  G .  1 8  
J . M . 1 9  
R . M .  1 9  
K . S .  2 2  
R .  T .  2 1  
,,_ 
" spe c i alty 
TA BLE I I 
SUBJEC T  CHA RACTE RISTIC S AT  
THE  TIME O F  I NITIAL TEST 
He i gh t  We i gh t  
5 1 1 0 1 1  1 5 7 
6 1 1 ;41 1 1 86 
5 '  1 0 1 ;41 1 1 6 1 
5 '  5 1 1 1 3 1  
5 '  1 0 31 l�I I  1 78 
5 '  3 1 1 1 1+9 
6 '  3 ; 41 1  1 95 
5 '  9 1 ;41 1 1 63 
3 0  
·'-
Competit i ve S t roke" 
B u t terfly 
Backs troke 
Brea s t s troke 
Backs t roke 
Frees tyle 
F ree s tyle 
F ree s t yle 
F ree s tyle 
3 1  
Col l ection of Da ta 
Five varia b l es were se l ected to determine each subj ect ' s  l eve l 
of cardiovascu l ar a nd respira tory fitness throughout the varsity swim 
tra ining season. Maxima l oxygen uptake was se l ected as one varia b l e  
because it is considered the best  sing l e  measure of ma n's tota l 
d .  . f .  1 ,  2 car 1 oresp 1 ra tory I t ness . Forced vita l capacity and forced 
expi ra tory vo l ume fo r one second were se l ected as varia b l es to 
measure funct i ona l p u l monary capacity. 3 Maxima l pu l monary venti l a tion 
and venti l a tion e qu i va l ence for oxygen were s e l ected as parameters to 
indica te venti l a tion e f f i ciency.
4 
A l though most , if not a l l , of the musc l es of the body are 
invo l ved in swimTiing ,  the shou l der gird l e  musc l es contribute most of 
the propu l sive force . The breas tstroke fs t he on l y  competitive 
swimming s troke in which the shou l de r  g i rd l e  musc l es do not contribute 
as much as  the k i ck in forc i ng the body through the wa ter.  Counsilma n 
studied the force of  the arm pu l l as  compared to the force of  the kick 
1 Peter V .  Karpovich , Physio l ogy of Muscu l ar Activity , (sixth 
edition, Phi l a de l phia : \./ . B . Sa unders Company, 1 965 ) ,  p. 1 1 0. 
2 
Laurence E .  Morehouse a nd Augus tus T .  Mi l l er ,  Physio l ogy of  
Exercise ( fourth edit i on, St . Louis : The C .  V .  Mosby Company, 1 963 ) , 
p. 258 .  
3F rank c .  Con so l a zio , Robert Johnson, and Louis Pecora, 
Physio l o g i ca l Mea s u reme n t  of Me ta bo l ic F u nction s in Man (New York 
McGraw- H i l l  Book Compa ny, I nc . , 1 963) , p .  248 . 
4John M . Ke l l y, "The Re l a tionship betvJeen  Se l ected Measured of 
Pu l monary Function a nd Cardiova s c u l ar Fitne ss" ( u npub l ishe d  Doctor ' s  
d i sserta t i on, Spr i ngf i e l d  Co l l ege , 1 969) ,  pp . 1 - 173 . 
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in the crawl st roke . He indicates 1 1 • • • that at fast speeds the kick 
contr i b utes nothing to the p ropulsion crea ted by the arms . 1 1 5 Muscle 
endurance of the arms and shoulder girdle as well as  l eg power we re 
meas ured to determine whether there was a ny significant cha nge during 
a season of competi tive swimmin g  and training in these parameters . 
Measurement of Maximal Oxygen Upta ke. As the amount of work 
inc reases , the amount of oxygen consumed v1il 1 a lso increase in a 
linear fashion. Whe n the work rate reaches an  exha ustive high for 
the subject, the oxygen consumption does not increase to any extent 
and the subj ect ' s  maximal oxygen upta ke has been reached. 6 ' 7 
The techniq ue that was employed in the p resent study to measure 
maximal v
0 
was a mod i fication of the technique described by Di 1 1 . 8 
A Monarch bicyc l e  ergorneter wa s u s e d  to provide the l oad resistance. 
The subj ect bega n exercising a t  0 . 0  kg l oad  for the first minute . The 
5James E .  Counsilman , The S cience of Swimming (Englewood Cliffs : 
Prentics-Ha 1 1 , Inc. , 1 968) , p .  7 .  
6
P. O .  Astrand and B .  Saltin , 1 1Maximal Oxygen Upta ke and Heart 
Ra te in Various Types of Muscu l a r  .�c tivity , 1 1  Journal of Applied 
Physiology , 16 : 9 7 7- 98 1 , November , 1 96 1 . 
7H. L. Ta ylor , E .  B uskirk , a nd A .  Henschel, 1 1Maximal Oxygen 
Inta ke as an Obj ect i ve Measure of Cardiores piratory Performance , 1 1  
Journal of A p p l ied Ph ysio l ogy , 8 : 73 - 80 , Ju l y ,  1 955 . 
8 
D .  B .  D i l l ,  11Assessment of Work Perfo rmance , 1 1 The Journal of 
Spor ts Me dicine and P h ysica l F i t ness , 6 : 3- 8 ,  March, 1966. 
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load resistance on the subject was increased . 5 kg per min ute  there­
a f ter until the subj ect could not cont i nue to exercise beca use of 
exhaustion. The b ic ycle seat was adjus ted h i gh enough to a 1 1 ow the 
subject to ex tend his legs when in the down pos i tion . This distance 
f rom t he bicycle seat  to the pedals was recorded for each subject and 
kept  cons tant in ea ch te s ting period . Each subject pedaled to  the 
bea t  of a me tronome se t at  120 beats per minute and equal to 60 
revolutions pe r m inu t e  fo r t he subject pedaling throughou t  the e ntire 
testing p rocedu re .  
The open circuit me thod was used for the collection of  the 
expired gases. Each subject's nose was shut with a nose clamp . One 
outle t of a two-way modified Otis-McKerrow valve was fit ted  with a 
rub ber mouthpiece which the subject held. be tween his tee t h  and 
through which he b reathed . A second outle t was connected to a low 
res i stance plastic tube which had an inside diame ter of 38 cm ; the 
remaining outle t of the O tis-McKerrow valve was open to allow the 
subject to inhale atmospheric air . Expired air was directed through 
the modified Otis-McKerrow valve in to plas tic t ubing, which had an 
a t tached centigrade thermome ter for purposes of  recording expired air 
temperature . The expired air was then passed through a valve into 
a CD4 Dry Gas Me te r which measured the volume of the expired air . 
The expired air wa s directed through the gas me ter only during the 
last thirty second s of  each exercise minute. Barome tric pressure and 
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expired gas temperat ure readings were reco rded to correct the gas 
volume measurements to STPD (0° centigrade temperature, 760 mil l imeters 
atmospheric pressu re free of vJa ter vapo r). 
From the dry gas meter, the expired air passed through a m i xing 
chamber. A small elect ric pump was used to draw an approxima te two­
liter sample of the expired air into the small rubber gas bag f rom 
the mixing chamber during the last  thirty seconds of the exercise 
minute. A Goda rt Pulmo-Analysor was used to analyze the percentage 
of CO2 and 
o
2 
in the expired air. This mea surement was accomplished 
by connecting the small gas co l l ection bags to the Pulmo-Analyso r. 
It  was assumed that the maximal oxygen uptake was reached 
during exercise when the respiratory quotient was mo re than 1 . O  
and the oxygen uptake for two successive· wo rk l oads was less than 
1 50 mi 1 1  i 1 iters per m i nute. If these indicators were not shown by  
t h e  data, the subj ects were retested. 
Measurement of Fo rced Vital Capacity and Fo rced Expi ratory 
Volume for One Second . The fo rced vital capac i ty ( FVC) and forced 
expirato ry volume for one second (FEV1 _ 0
) we·re measu red by a 13 ½ 1 i ter 
Collins Respirometer . The correc tion factor for the Collins 
Respirometer is 41 . 2 7  cc which means that every mi l limeter of  descent 
of the kymograph pin equa l s  a vol�me of 41. 2 7 cc of the subject ' s  
expired air in the respirometer. Af ter the subj ect had taken three 
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max i mum ins pira tory breaths, he he l d  his nose and maae a n  exp i ration 
of the third brea th  as rapidly and fo rc i bly as possible i nto a l ow 
res i stance plastic tube which J ed to the respirome ter w i th the 
attached kymograph J The subj ects were given th ree trials; the first 
tr i al acqua i nted each subject w i th the procedure; the last two tr i als 
were the tes t .  The mean of the last two trials was used to measure 
the FVC and FEV
1 _ 0
. The FE v
1 _ 0 was measured as the amount of expired 
a i r  that was expi red in the first second of the FVC test . The FVC 
a nd FEv
1 _ 0 
were conve rted to body temperature, pressu re, satura ted 
un i t s for all subjects .  In a pilot study the re l iability between 
tr i a l s  two and three was found to be . 9 5 to FEV1 _ 0 a nd . 95 for FVC . 
Measurement of Maximal Pulmonary Vent i lation . Maximal 
pulmonary· vent i lation  was measured dur i ng the maximal oxygen uptake 
test . It was the largest quantity of air expired during any g i ven 
m i nu te of the exerc i se .  The gas volumes we re corrected to body 
temperature, p re ssure , saturated units for all subj ects . 
Measuremen t of Ven t i lation Equ i valence for Oxygen � Vent i lation 
equivalence fo r oxygan ind i cates the effic i ency of the diff usion of 
oxyge n  from the lungs  to the blood stream. i t  was determ i ned  f rom the 
maximal oxyge n uptake value a nd the maximal pulmona ry ve ntilation 
value . The formula used for dete rmining ve ntila tion equivale nce for 
oxyge n was : 9 
VEo2 = Max i ma l  Venti l at i o n (lite rs/min S T PD) x 1 00 
Maxim um v0 2 
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Measurement  o f  Muscle E ndu rance . M uscle e ndu rance of  the a rms 
and shoulde r gird l e  wa s measu red . A n  endu ra nce dip test was used 
because of  the s i mplicity of  adm i nist ration, validity , and reliability 
1 0 
of the test .  
The apparatus used  was a set of pa ra l l el bars raised t o  a 
height so that all subj ects we re c ompletely suppo rted above the 
g round in the exte nded  a rm pos i tion. Each subj e ct assumed an exte nded 
arm support betwee n  the bars a nd lowe red himse l f  unti 1 the e l bows 
fo rmed a right angle . The tester's hand was extended upwa rd inside 
the ba r to indicate whe n the subje ct reached a right angle . The subje ct 
then raised himse l f  to an exte nde d a rm suppo rt and repeated the exercise 
9 Benj amin Ric ci , Physio l ogica l Basis of H uman Pe rfo rmance 
(Philadelphia : Lea & Feb i ger , 1 96 7 ) , p .  252 . 
1 0 sarry L .  Johnson and Jac k K .  Nelson , P ract i cal Measu reme nts 
fo r E valuation i n  P hysical E d ucation (Mi n nea po i i  s :  Burgess Publishing 
Company , 1 969) , p .  288 . 
as many times as  possible. The subj ects cou l d  no t  rest during t he 
exe rcise and had to refrain from kicking and swinging in returning 
t t . h 
. . 11 
o a s  ra 1 g  t arm pos 1 t 1 on. 
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Measurement of Leg Pov,er. Power, in this study, refers to 
muscle power of the legs. It was measured to determine a ny significant 
change during the season of swimming and_ training. The vertical power 
j ump was used in measuring leg power . The equipment utilized was a 
j ump board marked i n  ha l f  inches , chalk dust, and a balance beam 
weight scale. E a ch subj e ct was weighed and then as s umed a standing 
position facing side-ways to the j ump boa rd . One hand was behind 
the bac k  touching the top of the gym shorts ; the other hand and finge rs 
were ex tended u pward vertica l l y facing outward. The subj ect stood 
as h i gh  as possible on his toes and touched the j ump board with the 
middle finger. This height was measured and recorded as the reaching 
height . Chalk dust was applied to the subject's middle finger; he 
squatted down, keeping his head and back straight, j umped vertically 
as high as possible , and touched the j ump boa rd with the chalked 
middle finger . Each subj ect was allov-1ed three trials; the greatest 
height was recorded . The difference between the reaching height and 
the j umping heigh t  was conve rted to foot- pounds by multiplying the 
distance by the subject ' s  body weight and dividing by twelve . 12 
11 Ibid. 
1 2 
Ib i d. , p. 9 1  • 
Measurement of Percent Body Fat. Pe rcent body fat was 
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measured according to a procedure developed by Forsyth. Forsyth 
measured body density of 50 male college ath letes by the underwa ter­
weighing technique. He also obtained 1 7  anthropometric measurements 
on each subject , using a combination of skeletal diameters and skinfold 
measurements . Ten regression equa tions were developed from 6 different 
combinations of the raw da ta obtained from the 50 subjects . For the 
present study, the equation which exhibited a combination of  a 
multip l e  R ( . 86 )  and a standard er ror of estimate ( . 005 ) was 
adopted . 1 3 
Body Density = 1 . 0241 5 - . 001 69X + . 00444x 1 
- . 0013 0X 
1 5  1 2  
x
1 5 
= diagonal skinfold at the medial border of the right 
scapu 1 a . 
x
1 
= height (decimeters) 
x
1 2  
= abdominal skinfold midway between the umbilicus and 
the i 1 iac cre st. 
A 1 1 skinfold measurements were taken on the right s i de of the 
bod y with a La nge S k i nfo l d  Caliper . The �ubject ' s  skin was grasped 
firm l y  by the thumb a nd foref i nger of the investigator ' s  l eft hand. 
l 3Harry L. Fo rsyth, "The E s timation of Lean Body Weight in 
Male At hletes" (unpublished Docto r ' s dissertation , Springfield College, 
1 970) , pp. 82- 83 . 
3 9 
The calipers were p l aced as close as possib l e  to t he crest of t he 
fold. The subject's skin was lifted one centimeter from the location 
of the actual measur i ng site. Three measurements were taken at the 
back and abdomina l skinfold sites; the mean of the three measurements 
at  each location was used as data . The following equation was used 
to convert body density to percent body fat : 1 4  
Percent Body Fat = 4 . 57/D 8 - 4. 4 1 2 
Procedure for Collecting Data 
All testing was compl eted in the  Human Performance Labora t ory 
l ocated in the S outh Dakota State University Gymnasium . The i nves­
tigator employed the following procedure to  acqua i nt the subjects with  
the study and tes ts  prior to  the initial testing: 
1 . Presentation of a general overview of the study followed 
by questions and answers . 
2 .  Explanat i on and demonstration of the techniques for the 
various tests . 
3 . Opera tion of the bicycle ergometer by each subject . 
Te s t  dates and times were then se t for each subject prior t o  
each test . The subjects were asked not to participate in a ny strenuous 
1 4 1 bid. , p. 27. 
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type of act i v i ty pr i or to the testing . The p rocedure fo l lowed during 
each testing period was as follows: 
1. The subject reported to the Human Performance Laboratory 
i n  sho rts, T-shirt , and tennis shoes . 
2 .  The subject, -w i th shoes off, was weighed to the nearest 
pound . 
3 .  A sp i rometry test for the measureme n t  of F VC and FEV 
0 1 .  
was administered . 
4. Percent body fat was determined with the subject's shirt 
off . 
5. Endurance dips were performed by the subject. 
6 . The vertica l power j ump was administered . 
]. Maximal oxygen uptake was determined through the use of 
the bicyc l e  ergometer . 
CHAPTER IV 
ANALYS I S  AND DIS CUSSION OF RES ULTS 
Organization of the Data for Analysis 
The purpose of this investigation was to stud y the physiological 
effects of a season of va rsity swimming competition and training on 
se lected bodily responses . 
The data were organized to permit analysis of physiological 
changes t hat took place throughout the swimmin_.9 season. The paramete rs 
that we re measured and analyzed were body weight, percent body fa t,  
forced expiratory volume for one second, forced vital ca pacity, 
muscular endurance of the a rms and sho ulder girdle , leg power, 
maximal oxygen uptake, maximal pulmonary ventilation , and ventilat ion 
equivalence for oxygen . A1 1 subjects were tested on all n i ne variables 
six times throughout the swimming season . The six testing dates were 
spaced approximately five weeks apart . Table I I I indicates the 
mean score for all variables on each specific testing date . Raw data 
for all va r i ab les a re found in Appendix B .  
A polynom i a l reg ression analysis was the prima ry  statistical 
1 treatment which was appl ied to the data for Tests I, I I , IV, and V. 
The purpose of t h i s  a nalysis was to ana l yz e  the data to see whether 
1Robert Steel and James Tor rie, P rinciples and P rocedures of 
Statistics (New York : McGrav✓-Hi 1 1  Book Compa ny , Inc . ,  1 960) , PP e 332-
345 . 
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TA B LE I I I 
TAB LE OF MEANS 
Pa rame te r  Tes t  I Te s t  I I  Test ! I I Te s t  I V  Te s t  V Te s t V I  
We i g ht  1 64 . 87 1 63 . 28 1 66 . 06 1 64 . 93 1 65 . 3 1 1 66 . 1 5  
( Lbs ) 
Pe rce n t  Body 1 1  . L�8 1 2 . 7 7 1 o .  46 1 1 . 07 1 1 . 3 1 1 1 . 0 7 
Fa t 
FEV l . O 42 53 . 3 2 3 873 . 2. 5 43
63 . 3 9  43 1 4 . 86 44 1 5 . 56 44 1 4 . 03 
( m l ) 
FVC 45 1 0 . 80 3 98 1 . 1 6 4723 . 95 4728 . 63 4803 . 8 1 4829 . 48 
( m  1 )  
E nd u ra nce 1 6 . 1 2  1 9 .  00  2 1 . 2 5 2 5 . 75 2 6 . 2 5  2 8 . 60 
D i ps 
Ve r t  i ca 1 1 78 . 50 1 76 . 09 1 68 .  85 1 7 1 . 79 1 73 . 78 1 79 . 82 
Power Jump 
Max i ma l v0 60 . 38 60 . 79  
58 . 1 7  65 . 08 6 1 . 5 5  6 1 , 92 
( m l /kg/m i n )  
Max i ma l  VE 1 62 . 06 
1 56 . 7 1  1 6 1 . 9 1 1 70 . 46 1 69 . 43 1 78 . 82 
( L/m i n )  
VE0 2 . 83 2 . 78 3
. 0 1  2 . 84 3 . 04 3 . 03 
( L/ 1 00 m l ) 
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they f i t a n y s pe c if ic cu rve th roughou t  the  sw immi ng sea s on .  Tes t s  I I I 
and V I  were dele ted f rom the polynomial re g res s i on s ta tisti c s  becaus e 
they were not i ndicB t ive of the season 1 s t ra ining .  Tes t  I I I was ta ken 
i mmed i ately a f ter Ch r istmas vaca t ion, durin g which no schedu l ed 
p ract i ces were held , and Te s t  V I  wa s ta ke n  t h ree wee ks after the 
comp l et i on of the regularly scheduled swimmi ng season . 
Ana l ys is o f  va r ia nce was a second statist i cal t reatment  which 
wa s a pp l i ed to each o f  the nine pa ra me ters on al l  s ix test s .2 This 
p rocedu re was used  to prov id e add i tiona l s tat i stical i n fo rmation i n  
o rder to a ! d i n  the in terp reta t ion of result s .  A n  e l ectron i c  
computer wa s used for da ta  analys i s  to fac i l i ta te speed a nd accuracy . 
I n both sta t ist i cal t rea tme n ts the . 05 l evel of con f i d e nce wa s 
requ i red before the null hypothes i s  was rejected . 
Ana l ys i s  of Data 
The resu l t s of the polynom ial regression s ta t i st i cs for a l l 
va r i ab l e s are sh own i n  Table I V . Only one of the va r i a b l es s tud i ed 
f i t  a spec i f i c  re gress ion curve . The cha nges i n  endurance dips 
th roughou t the sea son f i t a l inear regress i on equa t i on as  i ndica ted 
by a n  F ra t io of 1 3 . 96 . The equation i s  l isted a nd plotted i n  
F i g u re l .  The regress ion e qua t ions fo r the remain i ng e i ght  va r i able s 
we re not s i gn i f i can t .  
2 t b id . , pp . 99- 1 28 . 
Pa rame te r  
We i ght 
Percent 
Fa t 
FE V l • O 
FVC 
Body 
End urance D i ps 
TP, B LE I V  
RESU LTS OF PO LYNOM I A L  REGRE S S I ON 
Po l ynom i a 1  Re g res s i on D e g ree s of 
L i ne a r  1 /27 
Quad rat i c  1 /27 
C ub i c 1 /27 
Qua r t i c  1 /27 
Pen t i c  
L i nea r  " 1 /27 
Quad ra t i c  1 /27 
C u b i c 1 /27 
Qua r t  i c 1 /27 
Pen t i c  
L i nea r 1 /27 
Quad rat i c  1 /27 
C ub i c 1 /27 
Qua r t i c  1 /27 
Pen t  i c 
L i nea r 1 /26 
Quad rat i c  1 /26 
C ub i c 1 /26 
Qua r t  i c 1 /26 
Pen t i c  1 /26 
L i nea r 1 /26 
Quad rat i c  1 /26 
C ub i c  1 /26 
Qua r t i c  1 /26 
Pen t i c  1 /26 
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F reedom ...,., F Va l ue 
. 01 52 
. 0269 
• 01 3 0 
. 0004 
. 2786 
. 2 401 
. 4865 
. 0949 
1 .  0280 
1 .  2060 
. 5994 
. 3 099 
2. 6590 
1 .  7260 
1 • 481 0 
• 5781 
. 4344 
1 3 . 9900·k-;\-
• 1 433 
. 0832 
. 9682 
. 0729 
TABLE IV ( continued) 
Parameter Polynomial Reg ression 
Vertical Power Lin�ar 
Jump Quadratic 
Maximal VOz 
Maximal VE 
VE o 
2 
Cubic 
Quartic 
Pent i c  
Linear 
Quadratic 
Cubic 
Quartic 
Pentic 
Linear 
Quadratic 
Cubic 
Qua rt i c 
Pent i c 
Linear 
Quadratic 
Cubic 
Qua rt i c 
Pentic 
,',F . 05
(1/26) = 4 . 23 F . 05 ( 1 /27) 
;'..,',S i gnificant beyond t he . 05 leve l 
D e g ree s of F reed om',_. 
= 4 .  2 1 
1/27 
1/27 
1/2 7  
t /27 
1/2 7 
1/27 
1 /27 
1/27 
1/26 
1/26 
1/26 
1/26 
1/26 
1/26 
1/26 
1/26 
1/26 
1/26 
F . 05
( 1/28) 
of conf idence 
= 
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F Va 1 ue 
. 1345 
. 0227 
. 0107 
. 0148 
1 . 1310 
. 6088 
1. 2470 
. 1203 
3. 8310 
. 00 12 
2. 9440 
. 9981 
. 3935 
2. 0600 
1. 6000 
. 3080 
. 8720 
1 . 4700 
4. 20  
28 
2 7  
26 
2 5 
24  
N 23 
22 
2 1 
20 
1 9  
D 1 8  
1 7  
1 6  
1 5  
1 4  
1 3  
4 8 
y = 1 5 . 8  + . sx 
y ==- E nd u ra n ce 
X = �/ee ks 
1 2  
We e ks 
F i g u re 1 
D i ps 
L i near Reg re s s i on for  E nd u ra nce D i ps 
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20 24 
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The resu l ts of the ana lysis of variance for a l l var i ab l es 
a re sho�,.in in Tab 1 e V .  Five of the nine parameters showed significance 
beyond the . 05 l evel o f  confidence. They were percent body fat, 
forced expiratory volume for one second, forced vita l capacity, 
endurance dips , and max i mal pu l monary vent i lation. 
S umma r y a n d D i s cu s s i on of Res u 1 ts 
A summary o f  t he po l ynomia l regression statistics revea l s  
t ha t  a significant l inear regress i on equation could on l y  be p l otted 
for endurance dips . The remaining eight variables fai l ed to fit 
a specific regres sion curve because of the fluctuat i on and variabi l ity 
be tween tests. Anu lysis of variance resu l ts indicated significant 
F ratios when app l i ed to endurance dips, - percent body fat, fo rced 
expiratory volume for one second, forced vita l capacity, and maxima l 
pu l monary venti l ation . This statistic indicates that there we re 
d i fferences between means; however, the po l ynomia l regression fai l ed 
to s how a s i gnifica nt t rend in those differences with the exception 
of endurance dips . The significant F ratio for the endurance dips 
revea l ed that the data fit a linea r regression equation, a nd that the 
equation was inc reasing i n  a s i gnificant positive direction . 
The increa se in mus cular endurance of the shou l der gird l e  
a s  i ndicated by endurance dips may be attributed to the fact that in 
swimming the a rms and shou l der gird l e  musc l es provide most, if not 
Pa ra me te rs  
Bod y wei gh t  
( Lbs ) 
Pe rcent 
Fa t 
(%) 
FE V l .  O 
( m  I )  
FVC 
(m l )  
Body 
E nd u rance 
D i ps 
Ve r t  i ca 1 
Powe r 
J ump ( f t .  l bs . )  48 TA B LE V ANAL YS I S  O F  VAR I ANCE FOR  AL L VAR I AB LES  Sou r ce of Deg rees of Mea n S q ua re Ra t i o  ...,,  Va r i ance F reedom S ubj ect  7 1 969 . 45 T i me 5 8 . 3 9 1 . 400 E r ro r  3 5  5 . 98 S ubj ect  7 69 . 87 T i me 5 4 . 78 3 . 3 2 0  E r ro r  3 5  1 . 44 S ubj ec t 7 2572468 . 1 0  T i me 5 336572 . 58 1 0 . 560 E r ro r  3 5 3 1 877 . 34 S ubj ect  7 285 1 653 . 60 T i me 5 82 7076 . 2 0 1 4 . 7 1  0 E r ro r  35 562 1 9 . 97 S ubje c t  7 2 3 3 . 38  T ime 5 1 85 . 48 36 . 1 00 E r ro r  3 5 s .  1 3  S ubject  7 56 1 0 . 54 T i me 5 1 36 . 92 . 855  E r ro r  3 5  1 60 .  2 1  
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TABLE V (continued) 
Pa ramete s Source of Degrees of Mean Square F Ratio ... }, 
Variance Freedom 
Maximal Vo2 
Subject 7 1 09··. 54 
T i me 5 40. 98 2 . 090 (ml/kg/min) 
Error 3 5  1 9 . 54 
Max i mal VE Subject 7 668.80 ( L/min) Time 5 688 . 51 2.950 
Er ror 35  226.85 
VE 0 Subject 7 . 268 
Time 5 • 1 06 1 .  200 
( L/1 00 ml ) Error 3 5  . 088 
;': F . 05(5/35 )  
= 2 . 53 
a l l ,  of the prop u l s i ve fo rce requ ired to move the - bod y through the 
wa te r .  D ur ing e a ch p ra c t ice sess ion an ove rload of  the a rms and 
shou l der g ird l e  was st ressed by ha v ing the sw imme rs complete  lengths 
of the poo l  in a s pec i f i ed per 1 od of t ime , us ing the ir arms only . 
so 
Whe n the who l e st roke wa s used , the sw immers were compe l le d  to ove r-
1 oa d  the i r  a rms a nd shoulde r g i rd l e  to meet  and mai n t a in a spec i f ied  
t i me for each l a p .  Counc ilman s ta tes that  1 1 t he a rm stroke is the 
ma i n  sou rce of p ropu l s i on a nd, i n  the case of most sw immers , the only 
source o f  p rop uls i cn . 1 1 3 
No pa rt i cu l a r  trend was found for pe rce nt body fat s ince the 
regre ss i on eq ua t ion s were not s i gn if icant . On the other hand , ana lys is 
of var i a nce  for Test  I th rough V I  shovJed s ign i f icance at  the . 05 leve l  
of conf i d e n ce ind i ca t ing var iab i l i ty between means . Thompson 
i nd i ca ted a non-s i gn i f i ca n t  loss of body fat  in a study of football 
p l ayers . 4 I n  a sim ila r  s t udy of ba s ketba l l  playe rs and hocke y pla yers , 
perce n t  body fat was decreased , but not s ign if ica n t l y . 5 The results of 
3 Ja mes E .  Counc i l man , The Sc i e nce of Swimm i ng ( Englewood Cl iffs :  
Prent ice - Ha 1 1 ,  I nc . , 1 968 ) , p .  2 5 . 
4c .  w. Thompson , 1 1 C hanges i n  Body Fat , Est ima ted from S k info 1 d  
Measurements of Va rs i t y Co l lege Footba l l  Pla yers :1 "  Research Quarter l y , 
30 : 87-90 , Ma rch , 1 9 59 . 
Sc . w. Thomps on , E .  R .  Bus k irk  and R .  F .  Go l dman , 1 1Changes i n  
Body Fa t ,  Est i ma ted from S k info l d  Mea s urement s of Co l lege Baske tba l l 
a nd Hoc ke y P l a ye r s d ur ing a Season , ' '  Resea rch Qua r te rly , 2 7 : 41 8- 43 0 ,  
December , 1 956 . 
5 1  
the pre sent study are in  agreement with the above. The insignif i cant 
los s  of body fat may be at tributed to the low init i al mean pe rcen t 
bod y fat ( 1 1 . 48 percent). The average reported percent body fat for 
a genera l male col l e ge population is 14 .69  percent.6 
No partic ula i- tre·nd was found for forced expiratory vo l ame for 
one second and forced vital capacity because the regre s sion equation s  
were not s .ign i f i cant. On the other hand , analysis of variance for 
Tes t I through V I  s howed significance at the . 05 level of confidence, 
indicating variabil i ty between means . A pos sib le reason for t he 
s i gnificant F ratio was the low value found in Test I I. All t he  other 
tes ts s hO\.;e d re 1 a t i ve 1 y 1 i t t 1 e ch a n ge f r om t e s  t to t es t .  
The highes t  group mean in the present study for forced 
expiratory volume for one second was 44 1 5. 56 ml, which compares 
favorably to t he highest group mean of 4453 . 00 ml in Brynteson 1 s 
s t ud y  and 46 1 9. 00 ml for group V I  in Swisher 1 s study. 7 ' 8 Although 
Brynteson found a i i gn) ficant increase for forced expiratory volu�e 
for one s econd upon completion of a submaximal training program, 
6
Jack H .  Wi J more and Albert R. Behnke, 1 1An Anthropometric 
Estimation of  Body Den sity and Lean Body Weight in Young Men, 1 1 
Jou rna l of App l i ed Physio logy, 27: 25- 3 1, July, 1969 . 
7Pau 1  Brynteson, 1 1 The Effect of Training Frequencie s on the  
Retention of Cardiovas cu l a r  Fitnes s'' (unpublished Doctor ' s  dis sertation, 
Springf i e ld Col l ege, 1 969), pp . 1 - 155. 
8Joel Austin Swisher, "The Effe cts of Selected Training 
I ntensities and Du ration on Improvement and Maintenance of Cardio­
respirato ry Fit ne s s" ( u npubl i she d  Master ' s the sis, South Oakotc: State 
University , 1970 ) , p p. 1 - 90. 
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Swishe r found no i n crease . Brynteson's sample consisted of adult 
males, whereas t he Swisher study and the present study dealt with 
co l lege students . I t  may be that this parameter is not influenced by 
training in younge r popu l ations . 
Polynomia l re g ression and analysis of variance applied to leg 
power indicated  no sign i ficant differences among the means, and a 
specif i c  reg re s s i on curve could not be plotted . The vertical power 
j ump is a meas u re of  explos i ve power of the legs and wa s used to 
measu re the changes in l eg power throughout a season of competitive 
swimm i ng and t ra i n i n g .  The results showed no significant differences 
in l eg powe r f rcm t he sta r t  to the completion of the season. Sw i mming 
i s  prima ri l y  a n  e ndura nce event requiring J ong pe riods of muscular 
exercise rather than ma ximum muscular contraction in the shortest 
possib l e  time e Although the leg powe r means decreased at the early 
part of the sea son and then gradua l ly increased , polynomial regression 
and analysis of variance indicate that the power of the legs was 
neit her inc reased or decreas ed significantly as a result of competit i ve 
swimming  and tra i n i ng throughout a season. Councilman notes that the 
kick serves p r i ma ri l y  as a sta bilizer or neut ralizer and streamliner 
fo r the body while swimming the craw l , butterfly, and backs troke .  
He also mention s  that cond i tioning of the l egs i s  i mportant because if 
t hey a re not cond i t i o, ed p rope rly , they w i l l  tend to fatigue and 
become less effective i n  the ne u tralizing ro l e  causing unwanted 
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res i stance . 9 In the present study , the l egs may have been in good 
condition at the ons et of the sea s on and poss i bl y  were not infl uenced 
by  conditioning . On the other hand , more time might have been spent 
d u ring the p ractice s essions on strengthening the l egs . 
At the time o f  the initial test the subj ects maximal oxygen 
uptake was 6 0 . 38 ml / kg/min . Howel l studied the effects of participation 
in various athl etic training programs on the maximal oxygen uptake. He 
reported that the swimm i ng team ' s  maximal oxygen uptake d ropped insig­
nif i cantl y f rom 54 . 79 to 53 . 60 ml /kg/min, that the football team rose 
in s i gnificantl y from 51 . 1 1 to 54 . 90 ml /kg/min , and that the hockey 
team experienced a significant gain from 52 . 07 to 56 . 93 ml /kg/min 
from the beg i nning to the end of the season . 1 0  
B rynteson found a mean maximal oxygen uptake of 59 . 95 ml /kg/min 
fo r 10 footbal 1 pl a ye rs at S pringfiel d Col l ege immediatel y fol l owing 
1 1  the end of the compet i tive sea s on .  Swisher found an init i al group 
mean of 49. 60  ml /kg/min and a final group mean of 51. 9 1  ml /kg/min 
9 Co u n c i 1 ma n , op • c i t. , pp . 2 5-3 6 . 
l OMaxwel 1 L .  Hm•1el l , et al . , 1 1 l ntercol l egiate Athl etics and 
Maxi ma l Oxygen Cons umption"-( Fitnes s Research Unit, Uni ve rs i ty of 
Alberta, E dmonton, Al berta) ,  pp . 1 -38 . 
11
Pa ul B i· ynteson , 1 1 Cha nges in Sel ected Bod i l y Res ponses of 
Co l l ege Footbal 1 Playe rs fol l owing Their Competitive Season" 
( unpubl ished Ma ster ' s thesis s Springfiel d Col l ege , 1968 ) , pp . 1-83 . 
a fter 1 0  weeks of conditioning in 50 freshman male vo l u nteers a t  
South Dakota � tate Un i vers i ty. 1 2 
The subjects studied  in the present investigation appeared to 
be i n  better physica1 condition than the subjects studied by Howel l 
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and Swis her and compared favorabl y to the initia1 results in 
Brynteson ' s  st udy . During the competitive season the subjects 
exhibited a higher maximal oxygen uptake than ha d been repo r ted by 
Ma ge ) and Ande rson (58. 50 m 1/kg/min) and Magel and Faulkner (54 . 70 
ml/kg/min) for col lege swimmers. 1 3 , 1 4  According to Cooper ' s  Fitness 
Category of  men un.ier 3 0  years of age, the subjects were in "excel lent" 
physical condit i on a t  the time of the initial test. 1 5 
The res u l ts obta i ned from the maximal oxygen uptake test in 
t his investigation indica te no significant increase in cardiovascular 
condition .  This coincide s  with the literature concerning athletic 
1 2swi sher, 1 oc .  cit. 
l 3 John R .  Mage 1 and La nge Andersen, 1 1 P u  1 rnona ry Dif fusing 
Ca pacity and Cardiac Output in Young Trained No r�1egian Swimmers a n d  
Un t ra i ned S t,;bj ect s, 1 1 Med i c i ne and S c i ence i n  S po r t s, 1 : 1 31 - 1 39,  
Septernbe r ,  1 969 . 
1 4John R .  Magel and John  A .  Faulkner, "Maximum Oxygen Uptakes 
of College Sw i mme rs , "  Jou rna l of  Appl ied Physio l ogy, 22 : 929-93 8, 
Ma y ,  1 96 7. 
l 5 Kenneth H .  Cooper , The New Aerobics , (New York :  M. Evans 
and  Company, Inc. , 1 970) , pp . 28- 29. 
teams and con trad i c t s  l i teratu re concern i ng genera l popu-
1 t .  1 6, 17, 1 8  a · 1 ons .  The absence of s i gnif i cant improvement in the 
card i ovascu l ar end urance o f  t he sw i mme rs i n  thi s investigation 
probab l y  res u l ts f rom the sw i mmers' initia l exce l l ent cond i tion and 
high max i ma l  oxygen up take attained through their part i cipat i on in 
j ogging a nd d i sta n ce swimm i ng p r i or to the sw i mm i ng season . 
The mean i nc re ase i n  max i ma l  pu l mona ry vent i l at i on of 7 . 3 7 
l iters pe r minute f r om Te st I to  Test V was not statist i ca l l y  
significant in o rde r t o  p l o t a regress i on curve . The resu l ts of 
the ana l ysis of va riance of max i ma l  pu l monary vent i l at i on was 
statis t i c� l l y signif i cant i nd i cat i n g var i ab i l i ty between t he means . 
At the t i me of the i n i t i a l  tes t the subj ect s  possessed a h i gh max i ma l  
pu l monary vent i l at i on mean of  1 62. 06 l i ters per m i nute . Sa l t i n  and 
Astrand determ i ned a h i gh mean pu l mona ry vent i l at i on d uring max i ma l  
exercise o f  158 . 70 l i ters per m i nute for Swed i sh ath l etes .
19 Mage l 
a nd Ande rsen re po rted a h i gh mean maxima l p u l mona ry venti l ation of 
1 6  Hov✓e l  l ,  et ..§..!_ . , l ac .  c i t .  
1 7c . A .  Kne h r ,  o .  B. Di l l  and w .  Ne ufe l d, "T ra i n i ng and I t s  
Effects o n  M a n  at Re st and at Wo r k, 1 1 Amer i can Jou rna l of Phys i o l ogy, 
1 36: 1 48- 1 5 6, Ma rch , 1 942 .  
18s .  Rob i nson  and P .  M .  Harmon, 1 1The Effect of Tra i n i ng and 
of Ge l at i n  upon Ce rt a i n  Fac tors wh i ch L i mit M uscu l ar \.Jo rk, 1 1  Amer i can 
Jou rna l of  Phys i o l og y ,  1 33 : 1 6 1 - 1 69, May, 1 94 1 . 
1 9 sengt  Sa l t i n and P .  O .  Astrand, 1 1Max i ma l  Oxygen Up take i n  
Ath l etes , "  Jou rna l of App l i ed Physio l ogy, 23 : 3 53 - 3 58, September, 1 967. 
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143 . 80 liters per min ute for young trained No rwegian sw i mmers . 2 O  
Max i mal pulmonary ve nti l ation of 1 62 . 06 l i ters per minu te determined 
in the present st ud y is con s i dered very high and can be attributed 
to the subj ects 1 excellent physical condit ion.2 1  Kelly concludes 
that when oxygen is being consumed at maximum levels , pulmonary 
2 2  
ven tila tion is  hi ghly re l a ted to  maximal oxygen uptake .  The 
investi gator ' s  conc l usion, based upon related literature and the 
presen t study , is that a l though mean di f ferences i n  t he subj ects ' 
physical condit i on s how slight  improveme n t, no s tatistically signifi cant 
improvement was made because of the high maxima l oxygen uptake and 
maximal pulmonary vent i lation the subj ects possessed before the 
competitive season began . 
The lack of signif icance when polynomial regression and 
analys i s  of  variance treatments were applied to vent i lat ion equivalence 
for oxygen suggest t hat the re were no significant d i fferences between 
means and t hat a specific regression curve could not be plotted . Mean 
2 0Magel and Andersen , l oc .  cit . 
2 1
saltin and Astrand , l oc.  c it. 
2 2 John M .  Ke l ly ,  " The Re l at ionship between Selected Measured 
of Pulmonary F unction and Ca rdiovascular Fit ness" ( unpublished Doctor ' s  
dissertat ion , S p ring field Co 1 l ege ,  1 969) , P P •  1 - 1 73. 
ventilat i on equiva l ence for oxygen increased along with the mean 
maximal pulmonary ve n ti l ation because ventilation equivalence for 
oxygen i s  dependent upon maxima l oxygen uptake and maximal pulmonary 
. 1 . . 2 3  ven t 1 a t , on .  Because of the in i tially high maximal oxygen up take 
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and max i mal pu l nonary ve nti l ation values, ventilation equivalence for 
oxygen did not signif i cantly improve. 
I t  is interest i ng to note that the performance times of 
many of the va rsity sv, i mmers in their s pec i ality st roke were pro­
gres s i vely i mproving throughout the season .. Figures 2 and 3 s how the 
perfo rma nce times of two swimmers at  each of the s uccess i ve swimm i n g  
meets d u ring the s ea son and in the investigator ' s  opinion improving 
pe rformance by the team throughout the seas on .  Therefore, even 
thou gh only one of the va riables related to swimm i ng showed a 
significant imp rovement trend throughout the season, performance 
t i mes of the two swimmers did s how a graphic _improvement throughout 
the season.  A pparently there are more factors related to the 
imp rovement of swimming pe rformance than just those analyzed in 
this study. 
The hypothesis of  this investigation that no sigri i ficant trend 
could be obs e rved in body weight, percent body fat , forced expiratory 
volume for one s econd, forced vital capacity, endurance dips, ve r tical 
. 23 re te r v .  Ka rpovich , Physiology of  Muscu l ar Activi ty, 
( s ixt h  edition, Phi 1 ade 1 phia and London : W .  B .  Sa unders Company, 
1 965) , pp . 1 30- 1 48 .  
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pO\-'Jer j ump, max i ma l  oxyge n uptake, maximal pulmonary ven tilation, a nd 
venti l ation eq uivale nce for oxygen throughout a season of competit i ve 
�wimming and train i ng cannot be total l y  accepted . The null hypothesis 
in regard to muscula r endurance of the shoulder girdl e as measured 
by endurance dips is rejected; the nu l l  hypothesis for the remaining 
eight parame ters is retained as s tated. 
CHAPTER V 
SUMMARY ,  CONC LUS I ONS , AND RECOMMENDAT I ONS 
Summary of the Study 
The purpose of  this study was to determine th� physiological 
changes of selected bodily responses of varsity swimmers throughout 
a season of competitive swimming and training . 
The subject s  were eight South Dakota State University varsity 
swim team members. All subjects we re tested six times with approx i ­
mately five weeks between tests. The stud y was completed over a twent y­
f i ve week pe riod, the first test being administered on October 1 2, 
1 970, jus t p rior to the beginn i ng of organized ·practice, and the 
last test be i ng administe red on April 3, 1 971, four weeks after the 
comple tion of competition . The physiological parameters that were 
measured we r-e body weigh t, percent body fat, forced expiratory vo l ume 
for one second , fo rced vital capacity, endurance dips, vertical powe r 
j ump, max i mal oxygen uptake, maximal pulmonary ventilation, and 
vent i 1 at i on eq uivalence of oxygen . 
Data we re collected and recorded in such a mann� r that change s 
i n  t he phys i ological parameters could be analyzed. Polynomial 
regression analysis was a p p l ied to the data to determ i ne whether they 
f i t  a l i near, qua dra t i c ,  cubic, quartic or pen tic equation. The 
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polynominial  regression statistic was applied only to the data  -on Test 
I ,  1 1 , I V , and V. Tests 1 1 1  and VI were deleted from the po l ynom i al 
regression statistics because t hey were not indicative of the season ' s  
training . Test I I !  was taken immediately after Ch ristmas vacation, 
during which no scheduled practices were held, and Test VI was t aken 
three weeks after the completion of the regularly scheduled swimming 
season. Analysis of variance was a second statistical treatment 
applied to the data on all six tests to provide additional statistical 
info rmation which could assist in the interpretation of results. The 
. 05 level of confidence was accepted as the minimal level required in 
order to reject the null hypothesis . 
The results of the polynomial reg ression statistics for al l 
variables indicated that only endurance dips fit a specif i c regression 
curve. This curve was linear and in a positive direction. 
The results of the analysis of variance for all variables 
indicated that endura nce dips, percent body fat, forced expirat ory 
volume for one second , forced vital capacity ,  and maximal p u l monary 
ventilation we re signi ficant . Analys i s  of va riance revealed 
differences between means, but the polynom � al regression fai l ed -to 
show a significant trend in all but one of the parameters : end urance 
dips .  
Conclus i ons 
Wi thi n the l i mi t a tio ns of  t hi s  i nves tiga t i on t he f ollowi ng 
conclusions  we re d rawn : 
1 .  That t he s ubj e c ts were i n  excel le n t  phys i ca l  cond i tion  a t  
the ons e t o f  t he swimmi ng seas on . 
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2 .  That  t he s u bj ec ts did  not  s how ear l y  gai ns o r  reach a poi n t  
i n  t he compe ti t i ve swimmi ng and t rai ni ng whe re improveme n t  rea ched 
a p l a tea u o r  hi t a pea k .  
3 .  That t he re  we re s ome mid -seas on fluc t ua t i ons , bu t o ve rall 
the re we re few si gni fi can t tre nds . 
4 .  Tha t t he s eas o n  o f  compe ti tive swimmi ng and t rai ni ng a t  
S o u t h D a ko ta S tate U ni ve rsi t y  a f fe c ted  each i nves tiga ted  pa rame t e r 
di f fe re n tly .  Only one para me ter , howe ve r, t he e nd u ra n ce dips , 
sign i fican tly  i nc rea sed  i n  a posi t i ve l i nea r di rection  t hrougho ut 
t he compe ti tive s ea son.  
Re commenda ti ons 
The f o l lowing re commen dations are ma de for f urther s t ud y : 
1 .  Tha t a simi la r s t ud y  be unde r t a ke n  usi ng a greater  n umbe r 
of  s ubj e c ts . 
2 .  Tha t a s i mi lar s t ud y  be u nde r take n  over a lon ge r pe riod o f  
t i me t o  de te rmi ne t he yea r- ro und  cha nges and fluc t ua ti on s  i n  swimmers '  
ph ys i cal  condi t i on .  
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3. That a s i m i lar study be completed \.'/here measure s- in �dition 
to those used  in t his study a re analyzed , such as red- blood cell count, 
· hemog l o bin, cholesterol level , maximum lactate tolerance, cardiac 
output , b l ood pressure, ·maximal oxygen debt, and other functional 
and dimens i onal measure� . 
4. That a sim i lar study be undertaken using distance swimmers, 
middle distance swimmers, and sprinters and comparing the three 
groups on the various ph ysiol ogical paramete rs. 
5. That studies similar to the present invest i gation be 
undertaken to a nalyze the effects of various athletic seasons on 
t he participants. 
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APPEND IX A 
SAM P LE TRA I N I N G  ROUT I NE S  DUR I NG THE SW ! MM I NG S EAS ON 
At the start of the swimming season, the sw i mming team 
workouts cons i sted  mostly of overdistance and Fartlek training. 
During this phase the sw i mmers averaged 2, 5 00 to 3, 000 yards a 
night . The lat ter part of  Novembe r and a 1 1 of December up to 
Chr i stmas brea k ,  consisted of fast and slow interval training w i th 
some overdistance; d uring this phase the swimmers averaged 2, 000 to 
2 , 500  yards a n i ght . 
After Ch ris tmas vacation, the swimming team began over­
distance and some Fa r t l ek train i ng .  This routine lasted the first 
wee k and a hal f of  Ja � uary; the distance covered averaged 2 , 5 00 to 
3 , 000 yards a n i gh t .  During the latter half of January and into 
Feb ruary ,  the s1,,vimrners p ractice cons i sted of fa s t  and slow inte rva l 
train in g w i th very litt l e  overdistance . The emphasis was placed on 
mo re qua l it y  rather t han on more quantity . Times for each repeat 
sw i m  we re lowered to be fas ter, up to 1 00 yards . The months of 
Feb rua ry and ear l y  March consisted cf fast interval and repetition 
t ra i ning ; comp l ete rest periods w i th emphas i s  being placed on speed : 
high qua l ity, 1 ess quantity. During the following phases , workouts 
we re organized to ( 1) break monotony, (2) increase quantity or 
endurance, and (3) . increase speed or q uality of swimming .  
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October- December . The following are three sample work6uts used · d�ring 
these three months: 
1 .  Flexibilit y  exercises 
2 .  
3 .  
Fartlek k i cking (400 yards) 
Fart lek pull i·ng (800 yards) 
Fartlek swimm i ng ( 1 , 200 yards) 
Two 25-yard underwater swims 
Flex i bility exercises 
Overdistance kicking (400 yards) 
Overdistance pull i ng (800 yards) 
Ove rd is tance swimming (1 , 200 yards) 
Four 25-ya rd underwater swims 
Flexibi 1 ity exercises 
200 - yard I ndividual Medley 'v'Ja rm- up 
Five SO-yard kicks ( 47  sec . or better) 
Ten 50- ya rd pu 1 1  s ( 36 sec. or better) 
Five 1 00-yard swims (1: 10  o r  better) 
Five 75 -ya rd swims ( 55 sec. or better) 
F i ve SO-yard S\t,1ims ( 3 3 sec . or better) 
F i ve 25- yard swims (14 . 5 sec . or better) 
Janua Q'.:. The fol l0\-1 i ng are three sample workouts used during this month : 
1 .  Flex i bi l ity exercises 
200-ya rd ! ndividual Med l ey warm- up 
7 1  
Kicking ( 2 00 ya rd s)  
P u l 1 i n g ( 2 00 yards) 
Swimming (1, 50 0 yards) 
Ten 25-ya rd swims ( 14 . 5 sec. or better) 
Four 25- ya rd unde rwa te rs 
2. F 1 ex i b i 1 i t y exercises 
Ten 25-ya rd kicks (25 sec. or better) Incomplete rest 
Ten 25-ya rd pu 1 1  s ( 1 5 sec. or better) Incomplete rest 
Ten SO-yard pu 11 s (37 sec. or better) Incomplete rest 
Three 75-ya rd swims (55 sec. or better) Incomplete rest 
Three 100-ya rd sw i ms ( 1 : 1 5 or better ) . Incomplete rest 
Twenty 25-yard swims ( 14 sec. or better) Incomp l ete rest 
Four 25-ya rd no breathers (swimming 25 yards without 
breathing) 
3. F 1 ex i b i 1 i t y exercises 
Ten 2 5-ya rd kicks ( 2 0  sec . or better) Incomplete rest 
Ten 50-ya rd p u  1 1  s (35 sec. or better) i ncomplete rest 
One 75-ya rd swim (60 sec. or bette r )  Incomplete rest 
One 75-ya rd swim (55 sec . or better) Incomplete rest 
One 75-yard swim (50 sec . or better) Incomplete rest 
One 75-ya rd swim u�s sec . or better) Incomplete rest 
One 75-yard swim (50 sec . or better) Incomplete rest 
One 7 5- ya rd swim (55 sec . or better) Incomplete rest 
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One 75-yard swim (60 sec .  or better) 
Three 1 00-yard swims ( 1  : 08 or better) 
Incomplete res t 
Incomplete rest 
Six 25-yard swims ( 1 3. 5  sec . or better) 
February and March . The fol lowing are three sample workouts used 
d ur i ng these two months : 
1 .  F1exib i lit y exercise 
2 00-yard Individual Medley warm-up 
Ten 25-yard k i cks ( 1 8 sec .  or better) Complete rest 
Fifteen 25-yard pulls ( 14. 5 sec . or bet ter) Complete re s t  
Twenty 25-yard swims ( 13 . 5 sec . or better) Complete rest 
Five 75-ya rd swims (50  sec . or better) Complete rest 
F i ve 1 00-ya rd swims ( 1 : 0 5 o r  better) Complete rest 
Cool dov..Jn (swim easy 150 to 200 yards) 
2 .. Flexibility exercises 
200-yard I ndividual Medley warm-up 
Five 25-ya rd k i c ks (18 sec. or better) Complete rest 
Five 50-ya rd pu 1 1  s (35 sec . or better) Complete rest 
Five 7 5 - ya rd swims (45 sec . or bette r )  Comp l ete rest 
F i ve 5 0- ya rd swims (28 sec. or better) Complete rest 
Ten 25-yard svJ i ms . (.13 sec . or better) Complete ·rest 
Cool d o\,-;n (swim easy 150  to 200 yards) 
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3 .  F 1 ex i bi 1 it y exe r cises 
400- ya rd Individual Medley warm-up 
Two 25-ya rd k i cks  ( 1 7 sec . or better) Complete rest 
Two 50-yard pu l ls ( 34 sec . or bette r )  Complete rest 
Five 75-ya r.d swims ( 42 sec . or better) Complet e  rest 
Five 5 0-ya rd swims (26 sec . or better) Complete rest 
Ten 25-yard swims ( 1 2 sec . or better) Comple te rest 
Cool down (swim easy 150 to 200 yards) 
Subj ects Test I 
R . A .  1 57 
J .  ft . •  1 85 
B . E .  1 6 1 
S .  G .  1 3 1 
J . M .  1 78 
R . M .  1 49 
K.  S .  1 95 
R. T. 1 63 
Mean 1 64 . 87  
S . D .  2 0 . 63 
APPE ND I X  B 
TAB LE V I  
RAW DATA FOR  WE I GHT 
Test 1 1  Test  1 1  I Test I V  
1 58 i 58 1 55 
1 79 1 82 1 77 
1 63 1 67 1 66 
1 3 0 1 3 5 1 38 
1 74 1 78 1 78 
1 52 1 50 1 53 
1 90 1 9 5 1 93 
1 6 1 1 63 1 60 
1 63 . 28 1 66 . 06 1 64 . 93 
1 8 . 3 5  1 8 . 8 5 1 7 . 42 
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Test V Test V I  
1 58 1 6 1 
1 77 1 75 
1 67 1 66 
1 36 1 39 
1 76 1 76 
1 53 1 54 
1 93 1 95  
1 63 1 63 
1 65 . 3 1 1 66 .  1 5 
1 7 .  1 6  1 6 . 84 
Subjects Test  I 
R . A .  4256 . 29 
J . A .  4033 . 73 
B . E .  4086 . 05 
S .  G .  2963 . 5 1 
J . M .  4426 . 30 
R . M .  3894 . 7 1  
K . S .  4992 . 74 
R .  T .  5 3 73 . 24 
Mean 4253 . 32 
S . D .  726 . 96 
TAB LE V I  I 
RAW DATA F OR FE V 
1 . 0 
Tes t  1 1  Tes t  1 1  I Te st  I V  
40 1 9 . 46 4843 . 4L:- . 43 9 1 . 3 1 
3 549 . 2 1  4022 . 41� 4 1 99 . 88 
'+ 1 1  5 .  44 4708 . 7 1  481 9 . 0 1  
2 7 76 . 8 1  3 246 . 38 326 1 . 00 
3 7 56 , 2 5 42 59 . 06 4022 . 44 
3 5 1 LL 4 1 3833 . 1 5 3678 . 8 1 
43 36 . 72 �-861 . 08 4769 . 1 5  
49 1 7 . 73 5 1  3 2 . 9 1  53 77 . 3 1  
3873 . 2 5 4363 . 3 9 43 1 4 . 86 
6 3 3 . 44 637 . 56 677 . 08 
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Tes t  V Te st V I  
473 2 . 2 8 42 75 . 40 
403 7 . 2 3 4 1 40 . 75 
4894 . 96 4954 . 1 1  
3 223 . 86 3 3 56 . 96 
403 7 . 23 4244 . 2 6 
4 1 1 1 . 1 7  3 844 . 98 
4968 . 90 5 1 1 2 . 8 5 
53 1 8 . 8 7 5 382 . 98 
441 5 . 56 441 4 . 03 
682 . .  96 684 . 8 1  
TABLE V 1 1 1  
RAW DATA FOR PERCENT BOD Y FAT 
S ubj ects  Tes t  I Tes t  1 1  Te s t  1 1  I Te s t  I V  Te s t  V Tes t V I  
R . A .  1 2 . 8  1 3 . 0  9 . 2 1 0 . 3 1 L 8 1 0 . 8  
J . A .  1 5 . 8  1 9 .  2 1 6 . 8  1 7 . 3 1 6 . 1 1 5 . 9 ' 
B .  E .  8 . 6 8 . 5 8 . 2  7 . 8  7 . 8  8. 1 
S .  G .  1 3 . 8  1 3 . 7 1 3 . 1 1 5 . 3  1 4 . 7 1 4 . 9 
J . M .  1 3 . 8  1 6 . 7 1 2 . 2  1 3 . 3  1 3 . L} 1 2 . 5  
R. M .  s . 8  9 . 7  8 . 4 9 . 4  9 . 7 9 . 1 
K. S .  1 3 .  1 1 1 . 7 1 0 . 4  1 1 . 0 9 . 5 1 0 . 7 
R. T. 8 . 2 9 . 7  4 . 9  4 . 2 7 . 4  6 . 6  
Mea n 1 1 .  48 1 2 . 77  1 0 . 46 1 1  . 07 1 1 . 3 1 1 1  . 07  
s . o .  3 . 48 3 . 70 3 . 58 4. 1 9 3 . 23 3 . 2 2 
7 7  
TAB LE IX 
RAW DATA FOR FVC 
S ubj e c t s  Test I Te s t  1 1  Test 1 1 1  Test IV Test V Test VI 
R. A. 43 53 . 0 1 1+244 . 1 0 5 1 40 . 59 4478 . 56 485 0 . 59 1+495 . 78 
J . A .  4590 . 87 3667 . 52 479 1 . 44 479 1 . 44 47 1 7 . 5 0 4880 . 1 7 
B . E .  4 1 75 . 86 42 78 . 8 7 4898 . 8 1 5 1 27 . 54 5323 . 82 5 50 1 . 2 8  
S . G .  2963 . 5 1 2 776 . 8 1 3246 . 3 8 3 26 1 . 00 3 2 53 . 45 340 1 . 3 3  
J. M.  4867 . 42 3859 . 7 7  476 1  . 86 4673 . 1 3  4702 . 7 1  483 5 . 8 1  
R . M .  4052 . 29 3 559 . 09 440 1 . 73 455 1 . 26 4702 . 7 1 4554 . 83 
K .  S. 53 50 . 96 4545 . 40 541 7 . 92 5333 . 73 547 1 . 7 1  5480 . 1 5  
R. T.  573 2 . 52 49 1 7 . 73 5 1 3 2 . 9 1 56 1 2 . 3 8 5408 . 0 1 5486 . 50 
Mean 45 1 0 0 80 398 1  . 1 6 4723 . 95 4728 . 63 4803 . 8 1  4829 . 48 
S . D .  85 1 . 34 664 . 93 670 . 39 7 1 3 . 26 708 . 5 0 7 1 0 . 67 
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TABLE X 
RAW DATA FOR E NDURANCE  D I PS 
S ubj e c t s  Te s t  I Te s t  1 1  Te s t  I I  I Tes t I V  Te s t  V Tes t  V I  
R . A .  1 1  1 5  1 9  2 1  23 23 
J .  A .  1 6  2 1  23 26 27 29  
B . E .  1 5  1 9  23 26  28  30  
S .  G .  1 0  1 1  1 7 1 9  1 8  2 1  
J . M .  1 1  1 5 1 6  2 5 2 0  2 3  
R . M .  24 2 5 28 3 5  39 41 
K . S .  29  30 32  34 30  37  
R . T .  1 3  1 6  1 2  2 0  2 5  25 
Mean 1 6 . 1 2  1 9 . 00 2 1 . 25 2 5 . 7 5 26 . 25 28 . 60 
S . D .  6 . 85 6 .  1 6  6 . 58 6 . 04 6 . 54 7 .  1 7 
79  
TABLE X I  
RAW DATA FOR  VERT I CAL POWER JUMP 
S ubjec t s  Tes t I Tes t I I Tes t 1 1 1  Tes t I V  Test V Tes t V I  
R . A. 1 5 0 . 45 1 5 1  . 42 1 5 1 . 41 1 40 . 2 0  1 5 1 . 42 1 5 0 . 93  
J . A. 224 . 1 5 2 00 . 8 1  200 . 8 1 1 99 . 1 2  1 84 . 3 7  1 96 .  87 
B .  E. 1 9 1  . 1 9 200 . 3 5 1 94 . 83 2 1 L� . 40 2 1 5 . 7 0 2 1 4 . 4 1 
S. G .  1 3 1  . 00  1 29 . 50  1 41 . 50 1 41 . 50 1 4 1  . 60  1 44 .  79 
J . M .  1 55 . 53 1 3 7 . 75 1 55 . 7 5 1 55 . 75  1 6 1 . 3 3 1 6 1 . 3 3  
R. M . 1 58 . 3 1  1 7 7 . 62 1 50 . 00 1 53 . 00 1 40 . 2 5 1 59 . 89 
K. S .  227 . 5 0 2 3 3 . 54 2 1 1 . 2 5  2 1 7 . 1 2  232 . 60 240 . 6 1  
R . T .  1 89 . 87 1 7 7 . 7 7  1 7 7 . 77 1 53 . 3 3  1 63 . 00 1 69 . 79 
Mean 1 78 . so 1 76 . 09 1 68 . 85 1 7 1  . 79 1 73 . 78 1 7 9 . 82 
s . o .  3 5 . 3 6 3 5 . 3 6 22 . 2 1 32 . 69 1 3 .  42 3 3 . 98 
S u bj e c t s  Te st I 
R . A .  56 . 60 
J . A . 53 . 1 9  
B .  E . 5 7 . 34 
S ,  G .  59 . 91+ 
J . M .  63 . 5 0 
R . M .  68 . 79 
K . S .  57 . 29 
R .  T .  66 . 40 
Mea n 60 . 3 8 
S . D .  5 . 36 
TAB LE X I  I 
RA\� DATA F OR MAX I MAL  V 
02 
Test 1 1  Te st 1 1 1  Te s t  I V  
57 . 87 6 1 . 40 59 . 62 
5 1 . 04 53 . 36  63 . 63 
62 . 2 5  60 . 1 6  69 . 66 
68 .  1 6  64 . 59 62 . q2 
59 . 83 58 . 8 1 63 . 70 
61 . 2 5 62 . 73  60 . 90 
56 . 69 54 . 86 62 . 60 
69 . 28 49 . 5 1  7 7 . 94 
60 . 79 58 . 1 7 65 . 08 
5 . 97 5 .  1 5  5 . 97 
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Tes t V Tes t V I  
58 . 00 60 . 73 
55 . 89 54 . 58 
6 1 . 42 63 . 6 1  
63 . 3 7 63 . 85 
65 . 3 3 62 . 2 0 
6 0 . 50 6 5 . 78 
53 .  4 1  52 . 62 
74 . 55 7 1 .  99  
6 1 . 5 5 6 1  . 92 
6 . 53 6 .  1 5  
8 1  
TABLE XI  1 1  
RAW DATA FOR  MAXIMAL VE 
S u bj e c t s  Te s t  I Te s t  I !  Te s t  1 1  I Te s t  I V  Te s t  V Te s t  V I  
R . A .  1 79 . 05 1 5 1 . 56 1 90 . 3 5 1 69 . 08 1 7 1 . 7 5 2 0 1 . 3 7 ' 
J . A . 1 72 . 64 1 53 . 04 1 54 . 74 1 90 . 1 4  1 62 . 94 1 66 . 53 
B . E .  1 3 3 . 43 1 53 . 2 3 1 54 . 72 1 85 . 08 1 46 .  8 5  1 5 5 . 3 3  
S .  G .  1 45 . 1-:-5 i 3 0 . 64 1 63 . 83 1 42 .  86 1 5 7 . 3 2 1 63 . 58 
J . M .  1 69 . 00 1 3 8 . 94 1 78 . 42 1 78 . 84 1 71 . 02 1 6 1 . 05 
R . M .  1 68 . 64 1 83 . 08 1 45 . 86 1 60 . 46 1 7 1  . 2 3 1 96 .  1 2 
K . S .  1 72 . 99 1 6 1 . 64 1 65 .  52 1 90 .  44 1 8 7 .  7 1  1 96 .  1 2  
R .  T .  1 55 . 3 1  1 8 1 . 2 8 1 4 1 . 85 2 06 . 83 1 86 . 6 5 1 90 . 44 
Mean 1 62 . 06 1 56 . 7 1  1 6 1 . 9 1 1 70 . 46 1 69 . 43 1 78 . 8?. 
S . D .  1 5 . 82 1 8 . 39 1 6 . 3 1 2 0 . 02 1 3 .  84 1 8 . 87 
S ubjec t s  Test I Test 1 1  
R .  A .  2 . 85 2 . 99  
J .  A .  3 . 24 3 . 0 1  
B . E .  2 . 62 2 . 72 
S .  G .  2 . 74 2 . 65 
J . M .  2 .  72. 2 . 38 
R . M .  3 . 04 2 . 94 
K . S .  2 . 85  2 . 69 
R .  T. 2 . 62 2 . 93 
Mea n 2 . 8 3 2 . 78 
S . D .  • 2 1 L} . 2 1 8  
TA BLE X I V 
RAW DATA FOR VE0 2 
Test 1 1 1  Test 
3 . 57 3 . 3 2 
2 . 78 3 .  03 
2 . 80 2 . 40 
3 . 43 2 . 99 
3 . 1 2  2 . 8 1 
2 . 83 2 . 3l� 
2 . 36 2 . 90 
3 . 2 2 2 .  92 
3 . 0 1  2 . 84 
_ 396 . 326 
82 
I V  Te s t  V Test v �  
3 - 3 7 3 . 63 
2 . 95 2 . 7 7  
2 . 58 2 . 59 
3 . 2 7 3 . 33 
2 . 68 2 . 59 
3 . 46 3 . 49 
3 _ 2 7 3 . 42 
2 . 7 7 2 . 40 
3 . 04 3 .  03 
. 341  . 486 
AP PENDIX C 
TABLE XV 
S OUTH DAKOTJ\ STATE U N I VE RSITY 
1970-71 SW I MMING SCHEDU LE 
83  
Schoo 1 Site Date 
Kearney S tate College Brookings, South Dakota 12/17/70 
Kearney , Nebra ska 
Conco rdia Col l ege Seward, Nebraska 1/ 16/71 
Se\t'.Ja rd, Nebraska 
Northwest M i ssouri State College Seward , Nebraska 1/ 16/71 
Maryville , Mis souri 
Un i versity of South Dako ta Vermillion , South Da kota 1/ 19/71  
Vermillion, South Dakota 
Southwest Minnesota State College Marsha ll , Minnesota 1 /29/71 
Marsha ll , Minnesota 
University of North Dakota Gra nd Forks , North Dakota 2/ 5/71 
Grand Forks, North Dakota 
Southwest Minnesota State College Grand Forks, North Dakota 2/ 5/71 
Ma rshall, Minnesota 
North  Dakota S tate University Fargo, North Dakota 2/ 6/71 
Fargo , North Da kota 
Chadron Sta te College 
Chadron , Neb raska 
Wayne State College 
Wa_yne ,  Nebra ska 
Mankato State Co l l ege 
Mankato , Minnesota  
Universit y  of South Da kota  
Vermillion, So uth Dakota 
NCIAC Meet 
Brookings, South Dakota 2/13/71 
Brookings, South Dakota 2/18/71 
Mankato , Minnesota 2/ 19/71 
Brookings, South Dakota 2/2 5/71 
Ma nkato , M i nneso ta  . 3/4 , 5 ,  6/7f 
